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By REFERENCE to the American Chemical Journal, 7, 413, there 
will be found a classification of the various groups of “complex 
inorganic acid” derivatives obtained by Wolcott Gibbs—the pio- 
neer in this field of research. There will not be observed in that 
grouping any derivatives in which there are four different acid 
radicals acting as a compound anion. It has been the purpose of 
the present investigation to ascertain whether dioxides could be 
introduced into complexes consisting of sesquioxides, pentoxides 
and trioxides. It was hoped that by boiling ammonium vanadico- 
phospho-tungstate with an excess of silicic hydrate such a result 
would be reached, but combination did not ensue. ‘The various 
constituents were then separately brought together and boiled 
with an excess of ammonium hydroxide for a period of six hours. 
Some dioxide did enter the combination, but it was concluded to 
operate in neutral solution; accordingly, 30 grams of ammonium 
paratungstate, in 700 cc. of water, were boiled ten hours in the 
presence of an excess of the hydrate of the particular dioxide 
which it was desired to introduce, after which 2 grams of am- 
monium phosphate were added, the solution being then boiled 
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two hours longer, when 8 grams of ammonium metavanadate, 
reduced to the hydrate of the trioxide, were added and the whole 
boiled for two hours more. This was the general method of 
preparation ; hence, it will not be repeated in connection with the 
several derivatives which are described later. 

In studying the behavior of these products, no tests were dis- 
covered which would differentiate one body from another. The 
following observations apply equally well to all. The salt sepa- 
rated from a concentrated aqueous solution in large, brilliant, black, 
octahedral crystals. These were very soluble in water, but were 
insoluble in organic reagents. Nitric acid, added to the solid 
salts, served to decompose them, a yellow-colored body resem- 
bling tungsten trioxide separating, but disappearing completely on 
the addition of water, and yielding a yellow-colored solution. 

Dilute or concentrated nitric acid, added to the solution of the 
salts, merely caused a change in its color, without producing a 
precipitate. Hydrochloric acid caused a color change in the solu- 
tion very slowly only on boiling. 

Ammonium hydroxide did not alter the salt solutions. Sodium 
hydroxide produced a gray precipitate, which dissolved, on boil- 
ing, with the evolution of ammonia. A dark brown precipitate was 
produced by silver nitrate. It dissolved, to some extent, in boil- 
ing water. Ammoniacal silver nitrate produced an olive-green 
colored precipitate. It dissolved completely when the solution 
was boiled. 

The precipitate, light green in color, formed by mercurous 
nitrate, was insoluble in water, but readily dissolved upon the 
addition of a few drops of nitric acid. The lead precipitate acted 
similarly. Mercuric chloride caused no precipitation. The same 
was true of copper sulphate, while a solution of ammoniacal 
copper sulphate produced a dirty gray precipitate, insoluble in 
boiling water. Cadmium chloride gave no reaction. Ammoniacal 
cadmium chloride threw out a dirty gray precipitate, insoluble in 
boiling water, but dissolved by water containing a few drops of 
hydrochloric acid. Cobalt nitrate, in ammoniacal solution, pro- 
duced a bottle-green colored precipitate, which, changed to an 


1 The hydrate of the trioxide is produced when ammonium meta-vanadate is boiled 
for half an hour with hydrochloric acid, then evaporating to dryness upon a water-bath. 
The residue, taken up in water, imparts to the latter a copper-green color. Ammonium 
hydroxide was added to the solution. The resulting precipitate (hydrate of vanadium 
trioxide), after being washed once or twice with dilute ammonium hydroxide, was intro- 
duced into the tungstate solution. 
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olive-green on boiling. Barium chloride, in neutral solution, was 
without any action, but in the presence of ammonia and upon 
boiling, threw down a heavy insoluble precipitate. In the 
analysis of the salts mentioned below, the method described 
in previous communications proved inadequate. The diffi- 
culties met in this portion of the investigation were great. 
They were, in the main, surmounted. After much search, with 
frequent failures, the following course was adopted and gave, it 
is believed, reliable results. 

In each case the air-dried salt was gently and gradually heated 
to dull redness. The loss represented water and ammonium 
oxide. The residue was then fused with equal parts of sodium 
carbonate and potassium nitrate. The fusion was taken up with 
water containing ammonjum hydroxide and ammonium nitrate, 
boiled for several minutes and then filtered. The insoluble 
portion was thoroughly washed, dried, ignited and weighed as 
MeO,. A “magnesia mixture” was added to the cold filtrate and 
washings. The magnesium ammonium phosphate was dissolved 
and reprecipitated. The tungstic acid, in the filtrate from the 
phosphoric acid precipitate, was determined according to the 
method of Gibbs, modified by Friedheim.1 The vanadium was 
obtained by difference. The ammonium oxide was estimated in 
the usual manner. 

A few words regarding the nomenclature, used in this com- 
munication, may not be out of place. An inspection of the litera- 
ture relating to “complex inorganic acids” will disclose confusion 
on this point. After reflection, it was concluded to terminate the 
names of the dioxides, MeO, in oso; those of the type of MeO, 
in ico, and those of the form of Me,O, in o or to. It is admitted 
that this system is not satisfactory and is contradictory to our 
generally accepted ideas on-the subject, yet it seems to be the 
only means of indicating a reac in the types of oxides 
in these complexes. 

AMMONIUM SIIL,ICOSO-VANADICO-PHOSPHO-TUNGSTATE. 


Per cent. Per cent. Per cent. 
(NH, )oO --eceeccoeecee 5.42 549 5.40 
SIO, «occeescccce sseces 0.56 0.67 0.68 
V2Og co cccceccccee -soees 15.83 15.77 15.80 
| 2 0 133 1.35 1.34 
WO,g occcceccccescccees 60.32 60.58 60.45 
HO .ccceescccce-ceoee 16.41 16.26 16.32 


1 Ber. d. chem. Ges. (1890), p. 353- 
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AMMONIUM TITANOSO-VANADICO-PHOSPHO-TUNGSTATE. 


Per cent. Per cent. Per cent. Per cent. 
(NH,),O -oeee oes 5.48 5-55 5-48 5-45 
TiO, --eccesscceees 0.66 0.65 0.72 0.50 
VyOg sreceececeee e+ 18.98 19.10 18.89 18.87 
P,O;--+2-0% ccccccce 2.45 2.44 2.75 2.52 
WO, «cee seeeceeees 56.29 56.08 56.50 56.42 
H,O..20 sccccvccce 16.14 16.18 16.01 16.24 

AMMONIUM ZIRCONOSO-VANADICO-PHOSPHO-TUNGSTATE. 

Per cent. Per cent. Per cent. 
(NH,)O, «eee ceeecccces 5-35 5-43 5-39 
ZrO, «oe seecccecceees 0.63 0.59 0.61 
ViOg seecccccccceceeeee 14.28 14.22 14.25 
PrOs occccecceccccccece 2.49 2.55 2.52 
WO, «+--+ seecce seeeee 62.29 62.18 62.24 
H,O «..---eeeee oeeecees 14.96 15.03 14.99 

AMMONIUM THOROSO-VANADICO-PHOSPHO-TUNGSTATE. 

Per cent. Per cent. Per cent. 
(NH,),O «++ +++. eases 5.42 5.40 5.41 
THO... 22 ceeeececccces 0.77 0.80 0.79 
VOq oo 0s ieiseve wowace 16.03 16.31 16.17 
P,Og -2 ++ eeeeees seeeeee 2.52 2.71 2.61 
WO, coer ccccccceccccce 59.31 58.94 59-13 
HO occ cccceevccccccs 15.95 15.84 15.89 

AMMONIUM STANNOSO-VANADICO-PHOSPHO-TUNGSTATE. 

Per cent. Per cent. Per cent. Per cent. 
(NH,),O «+++ eeeees 5-34 5-40 5.38 5-37 
SnO, «+++ eeececeees 0.25 0.23 ose 0.24 
VzO, oe ee ceccee cece 12.33 12.47 oe 12.40 
PO, ocoecccccccces 2.34 2.38 2.36 2.36 
WO, cccccesccccces 65.51 65.29 65.20 65.40 
HyO..+e weeeeeeeees 14.23 14.23 eee 14.23 


The reactions of ammonium vanadico-phospho-tungstate are 
vastly different from those obtained after the introduction of a 
dioxide into its composition, even if the quantity of that dioxide 
be small. In mineral analysis the influence of such minute 
amounts of supposedly adventitious. constituents is too often dis- 
regarded and not considered in the deduction of formulas. 

The reader will grant that there is in the above analytical re- 
sults satisfactory concordance. The dioxide was extremely diffi- 
cult to eliminate entirely from the remaining components of the 
anion, so that while it is thought the percentages given are correct, 
yet, if there be an error in this factor, when corrected, it will 
prove to be above rather than below the amount here given. 
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The formulas deduced from the preceding figures of analysis 
are imposing and appear rather improbable, so that, for the 
present, they can be cmitted, as the introduction of other dioxides 
is projected. Efforts, too, are being made to find other means of 
arriving at the molecular magnitudes of these bodies. 


UNIVERSITY OF PENNSYLVANIA. 


{CoNTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 78.] 


DERIVATIVES OF COPMPLEX INORGANIC ACIDS. 
[FOURTH PAPER. ] 
By ALLEN ROGERS AND EDGAR F, SMITH. 
Received September 25, 1903. 

Ir may be observed that in those bodies containing vanadium 
but two oxides of the latter element appear—the trioxide 
and pentoxide. No derivatives of vanadicotungstic acid 
(H,O.V,0,WO,) have yet been prepared. In the classification 
of Wolcott Gibbs they are lacking. Further, the question had 
arisen whether by reduction of vanadic acid with hydrochloric 
acid the resulting oxide was really not the same as that produced 
on reducing vanadic acid with sulphur dioxide. If the stages 
of reduction were identical, then the hydroxides corresponding 
to these oxides—V,O, and V,O,—if combined with tungstic acid, 
would yield one and the same complex acid. As will be seen, 
the products were dissimilar. 

AMMONIUM VANADICO-TUNGSTATE, 
3(NH,),0.V,0,.8WO,.10H,O. 

Thirty grams of ammonium paratungstate were boiled for six 
hours, when 6 grams of vanadium trioxide were introduced and 
the boiling continued for two hours longer. The filtered solution 
was reduced to a small volume and allowed to crystallize. Fre- 
quently, ammonium tungstate separated first and mixed with the 
vanadico-tungstate derivative. The crystals were treated several 
times with ice-water, which did not dissolve the ammonium 
tungstate, and, on evaporating the solution, ammonium vanadico- 
tungstate crystallized out in thin crusts, very soluble in water, 
but insoluble in organic solvents. The addition of nitric acid 
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to the salt solution changed the color from black to yellow, and 
tungsten trioxide separated. Hydrochloric acid caused a slight 
deposition of trioxide. Mercurous nitrate produced an olive- . 
green colored precipitate, insoluble in boiling water, but dissolving 
upon the addition of a few drops of nitric acid. The silver salt 
was olive-green in color and only partially soluble in boiling 
water. Mercuric chloride and copper sulphate produced no pre- 
cipitates in the neutral aqueous solution of the salt. Ammoniacal 
cadmium chloride and ammoniacal cobalt nitrate produced pre- 
cipitates which were insoluble in water. They dissolved on the 
addition of a few drops of nitric or hydrochloric acid, with the 
deposition of tungsten trioxide. The barium salt was insoluble in 
boiling water. 

In analyzing the salt, the Gibbs method, modified by Fried- 
heim,’ was adopted. 





Found. 
I. Il. III. 
Theory. Per cent. Per cent. Per cent. 
(NH,),0 «+++++-eee 6.66 6.56 6.56 6.52 
VyOg scvccescosses: 6.40 6.44 6.39 5-9! 
WO, oocecscccsess- 79.24 79.24 79.26 79.76 
HO. -rcrvececcvecse 7.70 7-79 7-79 7.81 


AMMONIUM VANADOSO-TUNGSTATE, 
5(NH,),0.2V,0,.14WO,.13H,O. 

Ammonium vanadate, in the presence of sulphuric acid, was 
reduced with sulphur dioxide and the solution precipitated with 
ammonium hydroxide. The resulting body, after washing, was 
added to a boiling solution of ammonium paratungstate. After 
filtering and evaporating to a small volume, black, well-defined, 
octahedral crystals separated. These proved to be very soluble 
in water. Nitric acid changed the color of the black solution to 
yellow without, however, the separation of tungsten trioxide. 
Hydrochloric acid does not change the color of the solution in the 
cold and only very slowly on boiling. No deposition of trioxide 
occurred. The mercurous salt was insoluble in pure water, but 
dissolved on the addition of a little nitric acid. The lead salt 
behaved in the same way. Mercuric chloride, cadmium chloride 
and copper sulphate were without action. The last two salts, 
in ammoniacal solution, did precipitate insoluble compounds, that 

1 Ber. d. chem. Ges., 23, 353 (1890). 
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acids dissolved. Ammoniacal cobalt nitrate behaved in the same 
way. The barium salt, emerald-green in color and insoluble in 


_water, dissolved on the addition of a few drops of acid. 





Analysis: 
Found. 
- II. II. 
Theory. Per cent. Per cent. Per cent. 

(NHy),O0- +++ cevece 6.38 6.47 6.29 6.33 
NOs ove tniske Sasaisies 8.15 8.30 8.28 vee 
WU ans siden cccicesies 79.72 79.27 79.56 80.43 
H,O..-- eeccee cee +, Saag 5.96 5.87 eee 


UNIVERSITY OF PENNSYLVANIA. 


{CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 79.] 
DERIVATIVES OF COMPLEX INORGANIC ACIDS. 
[FIFTH PAPER. ] 
By CLARENCE W. BALKE AND EDGAR F. SMITH. 
Received September 25, 1903. 

Firry years ago Struve made double molybdates, which he 
believed were analogous to the alums. Wolcott Gibbs showed 
that the products of Struve’s efforts were salts of “complex inor- 
ganic acids,” in which the various sesquioxides, together with 
molybdenum trioxide, constituted the several anions in union with 
protoxides—cathions. It was Struve’s intention to prepare analo- 
gous tungstates. He never described any of these and, in order 
to complete certain gaps in a line of inquiry, upon which we have 
been engaged, we undertook the preparation of compounds follow- 
ing the general types 

R,O. # Al,O,; y WO,. 
R,O. x re,O, y WO. 
R,O. x Cr,O, y WO,. 
R,O. # Ni,O,. 9» WO, 
R,O. «+ Mn,O,;. y WO). 
R,O. + Bi,O,; y WO,, ete. 

All of these have been made. In this communication, how- 
ever, we shall only describe those derivatives in which aluminum 
and bismuth oxide are present. The remaining bodies will be 
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further studied and efforts will be made to introduce certain 
other sesquioxides. We have also made a number of bodies of 
these types: 

R,O. « Fe,O,. y P.O,;.  WO,. 

R,O. x Ni,O,. y P,O,. ¢ WO,, etc., etc. 

It may be mentioned that the introduction of the pentoxide 
apparently increased the stability of the resulting body and caused 
it to crystallize in a more definite and pronounced form. 

AMMONIUM ALUMINICO-TUNGSTATE, 
3(NH,),0.Al,0,.9WO,.4H,O. 

This salt was made by boiling freshly precipitated and thor- 
oughly washed aluminum hydroxide, in excess, with ammonium 
paratungstate for from fifteen to twenty hours, when the solution 
was allowed to drain through a folded filter. On evaporating 
the clear liquid upon a water-bath, a dense, highly refracting 
sirup appeared. Glass floated on it. On exposure to the air, 
it dried to a semitransparent mass. It seemed to be a very 
stable body. Ammonium hydroxide added to its solution did not 
produce a precipitate. Its dilute solutions were not affected in the 
hot or cold by dilute hydrochloric or nitric acids. 

The dry, powdered salt dissolved in concentrated nitric acid; 
precipitation did not occur, even upon boiling. The salt was 
solubie also in concentrated hydrochloric acid without the pro- 
duction, in the cold, of a precipitate, but when the solution was 
vigorously boiled a yellow-colored precipitate separated. Mer- 
curous nitrate produced, in its aqueous solution, a yellowish white- 
colored precipitate. The precipitate caused by barium chloride 
was almost insoluble in hot water. After drying, acids failed to 
dissolve it. In a slightly ammoniacal solution of the salt, silver 
nitrate produced a veilowish white precipitate, which proved to be 
soluble in a large volume of hot water. 

ANALYSIS. 

The powdered, air-dried salt was further dried by exposure, 
for several hours, to the temperature of a water-bath. A weighed 
portion was then ignited at a low red heat in a tared porcelain 
crucible. The loss it sustained represented water and ammonium 
oxide. The ignited material was next fused with potassium bi- 
sulphate. The fused mass was digested with 125 cc. of water, 
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15 cc. of nitric acid, and several drops of hydrochloric acid. 
When the decomposition was complete, the solution was filtered 
and the aluminum precipitated, with ammonium hydroxide, from 
the clear liquid. Whenever the resulting aluminum oxide was 
contaminated with tungstic oxide the fusion was repeated. The 
ammonium oxide was determined in the usual manner. 

Results : 





Found. 
Thecry. -_ 
oo I. Ei. III. 
Percent. Percent. Percent. Percent. Percent. 

S(DIE,) Ores: tao, lee 156 6.45 6.61 6.45 6.42 
Al,Og. 220 ceeeee cece 102 4.22 4.12 4.17 eee 
QWO, --eoeeceoeees 2088 86.35 86.30 86.24 
4HO.0occsccccecce 72 2.98 2.97 3.14 


SILVER AMMONIUM ALUMINICO-TUNGSTATE, 
11Ag,O0.21(NH,),0.4A1,0,.36WO3. 


A yellowish white precipitate was produced when silver nitrate 
was added to a distinctly ammoniacal solution of the preceding 
salt. This precipitate was washed with cold water, in which it 
proved to be but sparingly soluble. Or, it was dissolved in a 
large volume of hot water, made ammoniacal. The filtrate was 
allowed to stand, when a crystalline mass separated from it on 
cooling. Analyses of the precipitated salt and the crystalline 
body showed them to be identical in composition. Air-dried 
samples were used for the analysis. The perfectly dry salt was 
quite insoluble in pure water, but readily soluble in water con- 
taining ammonia or nitric acid. Mercurous nitrate, introduced 
into the nitric acid solution, produced a yellowish white precipi- 
tate, readily soluble in hot water. 

Analysis.—The silver was determined as chloride in the nitric 
acid solution of the salt, while the other constituents were esti- 
mated as described under the ammonium salt. The loss upon 
ignition was found to equal the ammonium oxide determined di- 
rectly. 


Precipitated Crystallized 
salt. salt. 





Theory. 
Per — Per cent. Per at veniew. 
11Ag,0..... weeeee 2552 20.57 20.71 20.48 
21( NH, )sOwsisse 1092 8.80 8.87 8.90 
4A1,O, -ecccceeess 408 3.29 3.25 3.28 


Z6WO,g ccecccsccss 8352 67.32 67.17 67.34 
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If the sum of the protoxides be taken, the formula would read 
32R,0.4Al,0,.36WO,, 
which would furnish the simple formula 
8R,0.Al,0;.9WO,, 
when divided by four. 

It may be observed here that Klein’ has represented the most 

stable series of borico-tungstates by the general formula 
2R,0.B,0,;.9WO,.xH,0O. 
AMMONIUM BISMUTHICO-TUNGSTATE, 
3(NH,),0.2Bi,0O,.11WO,.10H,O. 

On boiling well-washed bismuth metahydroxide with ammo- 
nium paratungstate for two days, it dissolved in large amount, so 
that it was necessary to make additions of it from time to time. 
The solution, filtered from the excess, had a yellow color. It 
was evaporated to complete dryness and the residue then ex- 
hausted with a small quantity of hot water, the solution filtered 
and allowed to cool, when ammonium bismuthico-tungstate sep- 
arated as an oil, having a specific gravity slightly above 3.6. 
This oil, after being washed carefully several times with cold 
water, dried to a transparent, yellow-colored glass. No precipi- 
tate was produced on strongly diluting the solution of this salt 
with water. Ammonium hydroxide caused no change in its cold 
dilute solutions, but when the latter were boiled in the presence 
of ammonia, a copious white precipitate separated. Nitric acid 
caused no change in the boiling dilute solutions of the salt, but 
in concentrated solutions precipitation occurred on the addition 
of concentrated nitric acid. The addition of a large volume of 
hot water again effected solution. Hydrochloric acid occasioned 
no change in cold or hot dilute solutions, while tungstic acid 
separated on boiling with concentrated hydrochloric acid. Mer- 
curous nitrate precipitated yellowish white mercurous bismuthico- 
tungstate. The results of the analysis were: 








Theory. Found. 
Per Per I. nT: III. 
cent. cent. Per cent. Per cent. Per cent. 
3(NH,),0 -- 156 4.09 4.34 4.28 4.14 
2Bi,O,-----+ 930 24.36 24.31 24.22 25.00 
I1WO, «-+-+ 2552 66.83 66.59 67.07 66.31 
10H,O....-- 180 4.72 4.76 4.43 4.50 


1 Ann. chim. phys. (5), 28, 350. 
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POTASSIUM BISMUTHICO-TUNGSTATE, 
3K,0.2Bi,O,.11WO,.15H,O. 

This salt separated in the form of a yellow-colored cil, upon 
adding a hot saturated solution of potassium bromide to a con- 
centrated solution of ammonium bismuthico-tungstate. On cool- 
ing, the oil sometimes showed crystals which were very soft and 
gummy in appearance. It was discovered to be best, when the 
oil had become viscous and gum-like, to warm it again with a 
saturated solution of potassium bromide, after which it was re- 
peatedly washed with small volumes of warm water. It was 
then dried on the water-bath to a transparent, pale lemon-yellow 
colored glass. 

Analysis.—Except for the determination of the potassium the 
method pursued in the preceding analyses was adopted. In esti- 
mating the potassium, a weighed amount of the “glass” was 
covered with water and mercurous nitrate added in slight excess. 
Ammonium hydroxide was added to alkaline reaction, the excess 
of it being expelled by boiling. A few drops more of mercurous 
nitrate were introduced and, after standing half an hour, the 
precipitate was filtered off and thoroughly washed with warm 
water. The filtrate, after acidulation with dilute sulphuric acid, 
was charged with hydrogen sulphide. The filtrate from the 
mercury sulphide was evaporated and the potassium obtained as 








sulphate. 
Results : 
Found. 
Theory. _ 
Per cent. Per cent. Per cent. Per cent. 
BK O occcceccecccces 282 6.99 7.00 7.21 
2BI,Og- ss cr ceccce cece 930 23.05 22.72 22.53 
TI WO, occcvccccccece 2552 63.27 63.84 63.88 
ISHAO oo s0cscs cece 270 6.69 6.44 6.38 


STRONTIUM BISMUTHICO-TUNGSTATE, 
3SrO.2Bi,O;.11WO,.11H,O. 

This salt was made by transposing the potassium salt with a 
saturated solution of strontium chloride. The product was an 
insoluble yellow-colored oil, which was washed with hot water 
to remove all soluble impurities. When cooled, the oil changed 
to a yellow wax. It was insoluble in pure water, but dissolved 
readily upon the addition of a few drops of-nitric acid. Dried 
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upon a water-bath, it changed to a hard, vitreous mass. The 
determination of the strontium was made as described under the 
potassium salt. 


Results: 
Found. 
Theory. 
———-— I. Il. 

Percent. Percent. Percent. Percent. 
BSrO 2. 2c ccecesccecces 311 7-79 6.80 
2Bi,Og- 2+ ee ee eeee veces 930 23.30 23.07 23.42 
TIWO, -csccccccecece 2552 63.95 sees soee 
IIH,O «0+ see ee 198 4.96 4.96 4.95 


The purpose of this study will be to’ ascertain to what extent 
the more metallic sesquioxides can be introduced into such com- 
plexes as have been indicated in the preceding paragraphs, and to 
exhaustively investigate their derivatives before advancing to 
those compounds in which: there will appear the additional pent- 
oxide. 

Columbo- and tantalo-tungstates of sodium and ammonium 
have been made and analyzed, but a description of them will be 
reserved for a later communication. 


UNIVERSITY OF PENNSYLVAYIA. 


THE INFLUENCE OF SOIL MOISTURE UPON THE CHEMICAL 
COMPOSITION OF CERTAIN PLANT PARTS. 


By JOHN A, WIDTSOE. 

Received October 7, 1903." 

THE great variation in the chemical composition of plants 
grown under the same climatic conditions and upon similar soils, 
has always been a somewhat mystifying phenomenon to students 
of plant chemistry. That plant composition is influenced by soil 
composition is beyond question; and it is quite generally believed 
that sunshine, temperature and soil moisture are factors in con- 
trolling the chemical composition of plants. However, the rela- 
tive and absolute values of these soil, climatic and water factors 
have not been determined, even approximately; and the observed 
variation in plant composition has usually been beyond satis- 
factory explanation. In view of this lack of knowledge, it was 
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most interesting to find a definite relation between the soil mois- 
ture and the chemical composition of plants. 


In a series of exhaustive experiments on irrigation, carried on 
by the Utah Experiment Station, the water applied to plants was 
definitely controlled, and the quantity so varied as to determine 
the most economical use of water in an irrigated district. All 
the plants grown in the experiments were subjected to chemical 
analysis. The full report of the work, in the summer of 1901, is 
published in Bulletin No. 80 of the Utah Station, and it is upon 
some of the results there found that the present paper is based. 


SOIL CONDITIONS OF THE EXPERIMENTS. 


The farm upon which these experiments were conducted is 
located on the old fossil delta of the Logan River, in Cache 
Valley, State of Utah. The soil is very shallow—varying in 
depth from 9 to 59 inches, with an average depth of 28 inches. 
Below this thin layer of soil is a porous bed, nearly 300 feet deep, 
composed of coarse gravel, with occasional streaks of sand. It is 
most probable that this condition of shallow soil, with very por- 
ous subsoil, was a strong factor in producing the observed varia- 
tion in the chemical composition of the crops grown upon the 
farm. The soil laye: is, in most respects, similar to the soils that 
prevail within the Great Basin Region, as shown by the following 
physical and chemical analyses. ‘The methods of analysis fol- 
lowed were those prescribed by the Association of Official Agri- 
cultural Chemists. 


TABLE I.—PHYSICAL COMPOSITION OF THE SOIL. 


First Second Third 
Depth. foot. foot. root. 
Medium sand (0.1 to 0.5 mm.)...... 28.1 29.7 31.6 
Fine sand (0.032 to0.I mm.)..----- 25.6 26.4 29.6 
Coarse silt (0.01 to 0,032 mm.).--+.-- 19.2 16.4 14.6 
Medium silt (0.0032 too.0ol mm.)--. 10.2 6.6 6.6 
Fine silt (0.001 to 0.0032 mm.) .---. 2.6 5.6 6.5 
Clay (below 0.001 mm. ).+-++-++++ sees 8.4 8.8 8.6 
Moisture .--.-+ ceccce ccccce cece cece 47 4.3 1.8 
Soluble and lost ..---eeeeee coos cee 1.2 2.2 0.7 
Total. .cccccccces cccccsccccce 100.0 100.0 100.0 
Average weight of one cubic foot of dry soil .....- 88.9 lbs. 


Average absolute water capacity ..+++ssseseeseees 28.56 per cent. 
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TABLE II.—CHEMICAL COMPOSITION OF THE SOIL. 
(All per cents. are referred to the water-free soil. ) 


First Secon Third 
foot. foot. foot. 
Insoluble matter......eeeeseeeceees 68.42 65.66 56.49 
Potash, K,0...+sseeseesesccceecves 0.65 0.57 0.43 
Soda, Na,O......- eieeteleWscisencesive 0.55 0.53 0.60 
Lime, CaO ..... 0 cccccc cece cece cece 6.07 8.20 14.81 
Magnesia, MgO....-.eseeeeceeeeees 5.13 4.13 3.32 
Alumina, Al,O,.++..+eeeeeeseee soe 3.13 2.36 2.39 
Iron oxide, Fe,O, .--+++eseseeeeee ce 2.23 2.65 1.972 
Phosphoric acid, P,O,;---+++++e+e+ es 0.20 0.15 0.24 
Sulphuric acid, SO, .----++seeee sees 0.10 O.II 0.08 
Carbon dioxide, CO, .-.:...++++++++ 10.00 12.74 17.90 
Organic matter «+... sseeeeeeee cece 3.86 2.99 2.12 
SERRE ci oicsioid'#: easiness owiere sia 100.44 100.09 100.10 
BRAD 06.0.0 0 6.0.0 00:60:00 09:00. 000 6d 0000 3.92 1.318 1.06 
Nitrogen ....sscececscecccccccccecs 0.149 0.100 0.072 
Water at 100 C....ee eee ececccccce 1.85 I.gI 1.69 


The plats devoted to these experiments were one-twentieth of 
an acre in area, well ridged around the edges, so that the water 
applied would cover the ground to an approximately uniform 
depth. The depth of water applied at one irrigation varied, ordi- 
navily, from 5 to 7.5 inches. All plants in the same experimental 
set were treated alike, except as to the quantity of water applied. 
The amount of water applied is expressed in the depth in inches 
to which the plats would have been covered had it been applied at 
one time. 

MAIZE KERNELS. 

The maize used was of unknown name, but had been grown 
for many years on the Station farm. It was sown on April 30th, 
and throughout its life exhibited no extraordinary characteristics, 
save the variation due to the application of varying amounts 
of water. The ripe maize was harvested on September 11th. 
The maize kernels were analyzed with the following results: 


TABLE III.—PERCENTAGE COMPOSITION OF MAIZE KERNELS. 





Irrigation Water Water-free substance 
water in r A 
applied. fresh Ether Crude N-free 
Inches. substance. Ash. Protein. extract. fiber. extract. 
7.5 14.01 1.62 15.08 6.02 1.89 75.39 
10.0 II.00 1.59 13.42 5-39 2.23 77-37 
15.0 11.66 1.65 13.48 6.16 1.91 76.86 
20.0 13.00 1.56 12.83 6.29 2.19 77.14 


27.3 14.36 1.62 12.52 6.26 1.89 77.72 
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With one exception, the per cent. of water increased regularly 
with the increase in the amount of water under which the maize 
was grown. The per cent. of ash is not regularly affected by 
the quantity of water used. The protein content is strikingly 
influenced by the amcunt of water added to the soil. As the water 
increases, the per cent. of protein decreases—the difference be- 
tween the protein content of maize which received 7.5 inches of 
water and that which received 37.3 inches being 2.56 per cent. 
The percentage of ether extract was also slightly affected by the 
soil moisture. As the water applied to the soil increases, the 
ether extract increases, also. 

The per cent. of crude fiber does not seem to be regularly in- 
fluenced by the soil moisture, but the N-free extract tends to in- 
crease on the well-watered plats. In general, the protein in the 
maize kernel decreases with increased applications of water, while 
the ether extract and N-free extract increase. 

OAT KERNELS. 

The variety of oats used in this experiment was ‘American 
Banner.” ‘The seed was placed in the ground on April 2oth, and 
the ripe crop was harvested on July 30th. The composition of the 
oat kernel is shown in Table IV. 


TABLE IV.—PERCENTAGE COMPOSITION OF OAT KERNELS. 





Irrigation Water Water-free substance. 

water in ™ 
applied. fresh Ether Crude N-free 
Inches. substance. Ash. Protein. extract. fiber. extract. 

6.98 8.00 3.26 20.79 3.91 9.02 63.02 
13.20 7:93 4.52 17.29 4.19 10.76 63.25 
14.89 8.11 4.97 15.48 4.21 15.40 59.55 
30.00 8.40 4.49 15.49 4.59 10.92 64.51 
40.00 8.62 4.55 15.80 4.56 10.38 64.71 


As in the case of corn, the per cent. of water in the fresh sub- 
stance is increased by an increased amount of water. The per 
cent. of ash does not seem to be affected by the soil moisture. As 
in the case of corn kernels, the relative amounts of protein are 
strongly affected by varying the amount of water applied to the 
soil. The larger the quantity of water, the smaller the per cent. 
of protein. The highest and lowest per cents. are 20.79 and 
15.48—a difference of 5.31 per cent. 

The per cent. of ether extract is highest in the well-watered 
plats, and the variation follows quite regularly the amounts of 
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water used. The difference between the highest and lowest per 
cent. is 0.68. The highest per cent. of crude fiber is found on the 
plat receiving an intermediate amount of water. The N-free 
extract increases with an increase in the amount of water; this 
variation is regular, with one exception. As in the case of corn, 
increasing the water applied to oats, decreases the per cent. of 
protein, and increases the ether extract and N-free extract. 
WHEAT KERNELS. 

The variety of wheat used was “New Zealand.” It was planted 
on April 13th, and harvested on July 29th and 30th and August 
5th. ‘Table V shows the results obtained from the chemical 
analysis of the wheat kernels from the different plats. 


TABLE V.—PERCENTAGE COMPOSITION OF WHEAT KERNELS. 





Irrigation Water In water-free substance. 

water in - A any 
applied. fresh Ether Crude N-free 
Inches. substance. Ash, Protein. extract. fiber. extract. 
4.63 7.70 2.70 26.72 2.37 5.44 62.77 
5.14 8.16 3.23 25.11 5.24 3.05 63.28 
8.81 8.25 2.96 21.25 3.63 4.38 67.75 
10.30 8.47 2.54 19.93 2.09 4.47 79.97 
12.36 8.14 2:52 22.18 2.12 4.31 68.27 
17.50 7.59 2.79 18.57 2.34 5.88 70.43 
21.11 6.80 2.50 16.99 1.97 3-92 74.62 
30.00 8.70 4.50 15.26 1.85 3.19 75.20 
40.00 8.01 2.72 18.43 1.94 3.42 73.48 


There seems to be no regular variation in the per cent. of 
water, held by the fresh substance, to correspond with the 
amounts of water applied to the soil; neither does the per cent. 
of ash show any definite connection with the soil water. The 
per cent. of protein increases very markedly in the wheat kernel 
as the amount of water applied to the soil decreases. ‘The plat 
that received 30 inches of water yielded wheat containing 15.26 
per cent. protein, while the wheat from the plat that received 7.70 
inches, contained 26.72 per cent.—a difference of 11.46. It is to 
be noted that the variation did not follow regularly the amounts 
of water used. 

The variation in the ether extract are very irregular. ‘The 
kernels raised with 5 to 8 inches of water contain the highest 
per cents. of fat. The crude fiber is not strongly affected by the 
soil water, though the tendency is for the per cent. to decrease 
as the amount of soil water increases. The per cent. of N-free 
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extract is highest in the wheat from the plats that received most 
water. As with corn and oats, increased watering of wheat 
decreases the per cent. of protein, and increases the per cents. of 
ether extract and N-free extracts. 

POTATO TUBERS. 

The variety of potatoes known as “Early Rose” was used in 
this experiment. They were planted on May Ist and 7th, and 
were dug on October 22d. They were immediately sampled 
and subjected to chemical analysis. Traces of reducing sugar 
were found in all the samples, and a trace of sucrose in one 
sample. ‘The quantitative determinations are exhibited in Table 
VI. : 


TABLE VI.—PERCENTAGE COMPOSITION OF POTATOES. 


Irrigation Water In water-free substance. 
water in r ' 





applied. fresh : Ether Crude Undeter- N-free 
Inches. substance. Ash Protein. extract. fiber. Starch. mined. extract. 


8.08 76.00 6.68 11.83 0.55 2.69 69.95 8.30 78.25 
10.00 76.34 4.57 12.57 O.11 2.46 69.55 10.74 80.29 
15.00 75.54 4.85 12.52 0.33 2.21 72.58 7.50 80.08 
20.00 76.24 4.29 11.46 0.50 2.56 76.25 4.94 81.19 
27.00 75.95 4.99 10.77. 0.06 1.93 75.10 7.15 82.25 
39.99 76.00 4.87 8.33 0.79 2.06 76.48 7.47 83.95 
It is quite noteworthy that the variation in the amount of 
moisture in the fresh potatoes is very small. In fact, the soil 
moisture seems to have little, if any, effect on the water content 
of potatoes. The per cent. of ash does not vary with the amount 
of water applied. As in the case of the grains, the relative amount 
of protein becomes larger as the irrigation becomes smaller. The 
one exception to this rule is the plat which received least water. 
The difference between the maximum and minimum per cents. 
is 4.24—sufficient to affect, materially, the food value of the 
potatoes. The variation of the ether extract is very irregular 
and does not follow the variation in the amount of water applied 
to the soil. The crude fiber shows a tendency to decrease on the 
well-watered plats. The per cent. of starch, on the other hand, 
increases very regularly with the increased irrigation. The differ- 
ence between the highest and lowest per cents. of starch is 6.93— 
also quite sufficient to affect the food value of the tubers. The 
undetermined portion does not vary regularly with the soil mois- 
ture, but there appears to be a tendency for it to decrease as the 
watering becomes more liberal. 
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SUGAR-BEETS. 

The German Kleinwanzlebener seed was used in these investi- 
gations. Seeding was done on April 25th and 26th. The beets 
were harvested on October 22d. The composition of the beets 
on the date of harvesting is shown in Table VII. 


TABLE VII.—PERCENTAGE COMPOSITION OF SUGAR-BEETS. 
In water-free substance. 





— 
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12.32 76.23 4.76 9.68 0.29 5.37 1.22 60.85 rye II.5I 79.91 
15.57 75-95 5-14 8.15 0.31 5.24 1.17 63.20 6.33 10.43 81.13 
17.64 75.34 4.38 10.51 0.32 4.80 1.24 61.62 6.19 10.96 80.01 
20.06 76.46 4.89 10.42 0.36 5.06 0.94 60.83 6.91 10.59 79.27 
21.00 78.67 4.98 7.50 0.18 6.02 1.53 57.21 7.46 15.12 81.32 
25.31 75.69 4.69 8.98 0.36 4.98 0.64 62.93 7.10 10.13 80.80 
40.82 77.58 4.69 5.63 0.45 5.68 1.18 62.01 7.05 13.31 83.55 
53-96 73:39 3-79 6.10 0.36 4.79 1.89 60.65 7.07 15.35 84.96 
The per cent. of water in the fresh substance does not vary, 
in general, with the variation in soil moisture. The per cent. of 
ash is irregular and does not follow the soil moisture. The per 
cent. of protein tends to increase with increased applications of 
water, until 20 inches have been applied; from then on there is a 
distinct decrease. The difference between the highest and lowest 
per cent. is 2.92. The per cents. of ether extract, crude fiber 
and reducing sugars are so irregular that they cannot well be 
connected with the variation in the soil moisture. The sucrose, 
which is the most important constituent of the sugar-beet, con- 
stitutes from 57.21 per cent. to 63.20 per cent. of the water-free 
substance. Regular changes in the soil moisture do not seem to 
cause corresponding regular variations in the sucrose content. 
This is surprising, in view of the comparative regularity with 
which the nitrogen-free extract in the crops, previously studied, 
has increased with the increase in soil moisture. The per cent. 
of starch increases somewhat with the increase in soil moisture. 
From these data, it would seem that the relative proportions of 
the constituents are not markedly affected by variations in soil 
moisture. The great regularity in variation that has prevailed 
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in other crops leads to some doubt concerning the correctness of 
this view. The plats on which the sugar-beets were grown were 
very different in depth and in the proportion of gravel, and they 
had been manured differently. Further, the accurate sampling 
of beets is a matter of great difficulty. It must also be remarked 
that the beet was dried and ground before analysis, which is not 
the best method to be followed in making carbohydrate determina- 
tions in sugar-beets. While the per cent. of total carbohydrates 
may be very near the truth, the sucrose and other single constitu- 
ents may have suffered change during the process of drying. 
These questions must be left, however, for future investigations. 

To obtain fuller and more accurate data on the effect of soil 
moisture upon the sugar content and purity of the juice, the plats 
were sampled and the beets analyzed weekly, from August 19th 
to October 16th. The average results for the sugar in the juice 
are found in Table VIII. 


TABLE VIII.—PER CENT. OF SUCROSE IN THE JUICE FROM SUGAR-BEETS, 


Irrigation water 


applied. August 9th to September 1rothto October 2nd to 

Inches. September 3rd. September 25th. October 16th. 
11.16 to 17.78 11.35 13.14 14.83 
19.95 to 26.66 12.58 13.72 15.86 
40.82 to 53.96 13.40 14.62 15.25 


It is quite evident, from the above table, that during the first 
two periods, the per cent. of sugar in the juice increases with 
the increase in the amount of water applied. During the last 
period, the beets grown with more than 40 inches of water contain 
0.61 per cent. less sugar than do those grown with an average 
of 23.31 inches of water. The general conclusion to be drawn 
from this table is, that increasing the soil moisture tends to in- 
crease the per cent. of sugar in the juice of sugar-beets. 

TABLE IX.—PER CENT. PURITY IN JUICE FROM SUGAR-BEETS. 


Irrigation water 
applied. August 19th to September rothto October 2nd to 


Inches. September 3rd. September 25th. October 16th. 
11.16 to 17.78 77.0 77-9 81.1 
19.95 to 26.66 80.6 81.1 82.7 
40.82 to 53.96 80.5 82.7 84.2 


Table IX shows very clearly that the purity of the juice is 
highest with sugar-beets grown with large amounts of water 
but that the differences are so small as to have little practical 
value. 


| 
| 
| 
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DISCUSSION. 


A study of the preceding tables confirms the belief that the 
soil moisture influences strongly the chemical composition of 
plants and plant parts. To what extent the compositions of differ- 
ent plants and plant parts are affected by soil moisture, cannot, of 
course, be determined from this preliminary investigation. How- 
ever, it may safely be concluded that the protein and nitrogen-free 
extract are influenced more than any other chemical group con- 
tained by plants. It may further be concluded that withholding 
water from the plant increases the per cent. of protein, and di- 
minishes the per cents. of nitrogen-free extract and fat; increas- 
ing the supply of water decreases the per cent. of protein and in- 
creases the per cents. of nitrogen-free extract and fat. 

That the variation is far greater than that ordinarily assumed 
to be possible is shown by Table X, in which the differences be- 
tween the lowest and highest per cents. of protein, fat, nitrogen- 
free extract and starch are given, due regard having been had 
for the variation due to the application of different amounts of 
water. 


TABLE X.—DIFFERENCE BETWEEN HIGHEST AND LOWEST PER CENTS. 
DUE TO VARYING Solr, MOISTURE 


Substance. Protein. Fat. N-free extract. Starch. 
Corn kernels......--..++- 2.56 0.90 2.33 
Oat kernels.....-.2+. see. 5-31 0.68 1.69 
Wheat kernels........++- 11.46 1.78 12.43 eee 
PotatOes ..-eeeececesecece 4.24 cee 5.70 6.93 
Sugar-beets «+... 020+ eee 4.88 ee 5.05 eois 


While the power to control the composition of plants by varying 
the soil moisture is of immense practical value to all irrigated 
countries, yet its higher theoretical importance must not be over- 
looked. To the plant physiologist it opens a large field of re- 
search, which promises to result in light being thrown on some 
of the obscure parts of our knowledge of plant growth and plant 
life. The temptation to theorize, even with the meager data of 
this paper, is very great, but as considerable material on this 
subject has been gathered since 1901, the discussion of the 
physiological relations of the data, here presented, has been left 
for future reports. However, it may be said that the soil mois- 
ture is only one of many factors controlling the composition of 
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plants, and that the great variations, recorded in this paper, were 
partly due to the peculiar soil conditions prevailing on the Station 
farm. 

This investigation has been continued since Igor, and is still 
being continued. 


CHEMICAL LABORATORY, UTAH EXPERIMENT 
STATION, LOGAN, UTAH. 
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INTRODUCTION. 


THE object of the work described in this article was, primarily, 
to ascertain to what extent the proteolytic phenomena, observed 
in cheese-ripening, are due to the action of an enzyme contained 
in the rennet extract used in cheese-making. It was also our 
purpose to learn how the proteolytic action of rennet compares 
with that of commercial pepsin. 


It has been quite generally believed that the rennet extracts 
used in the manufacture of cheese contain not less than two 
enzymes or ferments, called rennin and pepsin, one ferment 
coagulating milk-casein and the other converting milk-casein and 
paracasein, under favorable conditions, into soluble forms of 
nitrogen compounds. The present tendency, however, is in the 
direction of the belief that both kinds of action are due to the 
presence of only one enzyme. ‘The presence of a proteolytic 
ferment in rennet extract is readily understood, when we con- 
sider its source, which is the stomach of a suckling calf. 

For years the weight of opinion was against the belief that 
rennet has any other function in cheese-making than simply to 
coagulate milk-casein. In some work’ done by one of us in 
1892, it was shown that cheese, made with larger amounts of 
rennet, furnished greater quantities of soluble nitrogen com- 

1 New York Agr. Expt. Sta. Bull. No. 54, p. 267 (1893). 
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pounds than did cheese made with smaller amounts of rennet. 
In 1899, some additional work’ was done, confirming the results 
previously obtained. Babcock, Russell and Vivian? have made 
a very thorough investigation of this subject, showing that, in 
the case of normal cheese, increased use of rennet resulted in a 
more rapid increase of soluble nitrogen compounds, especially 
of those nitrogen compounds grouped under the names of 
caseoses and peptones. They also made cheese from milk to 
which purified commercial pepsin had been added and found 
similar chemical changes taking place in the cheese thus made. 
They concluded, from these experiments with normal cheese, that 
rennet exerts a digestive influence on casein, due to the presence 
“of peptic enzymes contained in rennet extracts, the action of © 
which is intensified by the development of acid in the cheese- 
curd. Jensen,* working independently and along quite different 
lines, reached the same conclusions at the same time. 

In the case of the work previously done here and elsewhere, 
the effect of rennet ferment has not been studied apart from the 
action of other factors that are present in normal cheese-ripening. 
So far as our present knowledge goes, the different agencies 
taking part in the rormal process of cheese-ripening are the 
following: (1) Some acid, usually lactic; (2) enzymes present 
in the milk before it is made into cheese; (3) an enzyme con- 
tained in the rennet extract added to milk in the cheese-making 
process; and (4) micro-organisnis, chiefly bacteria. In previous 
studies of the effect of rennet ferment on cheese-ripening some 
or all of these factors have been present, so that the specific 
action of rennet has had to be inferred rather than been clearly 
proved. It has been the special aim of our work to study the 
action of the rennet ferment as far as possible apart from the 
other agencies of cheese-ripening. Under these conditions, we 
have studied the action of rennet extracts in cheese-ripening: 
(t) Without acid, (2) in the presence of acid, (3) without salt, 
and (4) with salt. In addition, we have studied the action of 
rennet extracts of different ages upon the casein of milk, and 
also the proteolytic action of commercial pepsin on milk-casein 
and in the process of cheese-ripening. We have also studied the 
action of rennet enzyme and pepsin on paracasein dilactate. 


1 New York Agr. Expt. Sta. Bull., No. 236, p. 150 (1903). 
2 Annual Report, Wis. Expt. Sta., 17, 102 (1900). 
8 Landw. Jahrb. d. Schwetz., 14, 197 (1900). 
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DESCRIPTION OF EXPERIMENTAL Work. 
DIFFICULTIES INVOLVED IN THE WORK. 

In order to destroy all enzymes present in milk, our general 
plan of procedure has been to heat the milk to a temperature 
varying in different cases from 85°C. to 98°C. (185° F. to 
208° F.). Then, in order to prevent possible contamination by 
the entrance of enzyme-producing organisms, the milk, after 
being heated and cooled, has been treated with 3 to 5 per cent. 
of chloroform by volume, previous to being made into cheese. 
The heating of milk to the temperature stated diminishes the 
readiness and completeness with which it is coagulated by rennet 
extract, but the power of prompt coagulation by rennet can be 
restored by the addition of calcium chloride or carbon dioxide 
or any ordinary acid. In thus eliminating other factors of 
cheese-ripening than rennet enzyme, we necessarily produce con- 
ditions that do not exist in normal cheese-making, such as (1) 
heated milk, (2) absence of milk-enzymes, (3) the use of calcium 
chloride or carbon dioxide, and (4) absence of enzyme-forming 
and acid-forming organisms. In a study carried on under such 
conditions, we cannot expect our results to be entirely com- 
parable with results obtained under normal conditions; but we 
can secure data that enable us to determine the ability of the 
rennet enzyme to cause proteolytic changes under the conditions 
of experiment employed. Later we will inquire as to whether 
the introduction of such unusual conditions seriously affected the 
value of the results obtained, in their application to the process 
of normal cheese-ripening. 

EFFECT OF ACID UPON THE PROTEOLYTIC ACTION OF RENNET 
ENZYME. 

Table I contains the averages of results given by four sets of ex- 
periments, in which the effect of the presence and absence of acid 
upon the action of rennet enzyme in cheese-ripening was studied. 
TABLE I.—EFFECT OF PRESENCE AND ABSENCE OF ACID UPON THE 

ACTION OF RENNET ENZYMES. 


Nitrogen, expressed as percentage of nitro- 
gen in cheese, in form o 





cr 


Water- . Paranuclein 
soluble Paracasein caseoses 
Age of cheese nitrogen mono- and ? 
when ana- compounds, lactate. peptones. Amides, 
Acid. lyzed. Per cent. Per cent. Percent. Percent. 
Present Fresh 4.55 26.80 3.78 0.77 
sie 12 mos. 25.85 11.59 20.87 4.98 
Absent Fresh 3.53 1.88 2.73 0.80 


ae I2 mos. 4.23 1.68 2.26 3.96 
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A comparison of the data embodied in this table shows a rela- 
tively large formation of water-soluble nitrogen compounds in 
twelve months in the presence of acid, while in the absence of 
acid practically no proteolysis had occurred. Paracasein mono- 
lactate was present in only minute quantities, if at all, in the 
absence of acid, while a considerable amount was formed in the 
presence of acid. The increase of soluble nitrogen compounds 
was confined largely to the paranuclein, caseoses and peptones, 
the amount of amides remaining small. In normal cheese-ripen- 
ing, we find these relations reversed, that is, the amides form a 
considerably larger part of the soluble nitrogen compounds than 
do the higher groups. 

The results embodied in Table I may properly be interpreted 
as showing that the proteolytic action of the rennet enzyme, in 
cheese-ripening, is dependent upon the presence of acid. 


EFFECT OF RENNET ENZYMES IN CHEESE CONTAINING ACID-FORM- 
ING AND SOME PROTEOLYTIC ORGANISMS. 


For the purpose of comparison, it was desired to have some 
cheeses made from milk pasteurized at 85°C. (185° F.). As 
factors active in causing proteolytic changes, we had in the 
cheeses made in these experiments (1)-acid, (2) rennet enzyme, 
and (3) such micro-organisms as happened to be introduced with 
the “starter” and from the air of the room. As compared with 
a normal cheese, there were no milk enzymes present and the 
biological factor would be expected to be considerably less marked. 
In comparison with the cheeses referred to in Table I, we had 
in these no chloroform, a difference that meant absence of a 
biological factor in the former case. In these cheeses, the acid 
was furnished by a sour-milk “starter.” In Table II, we give the 
results of chemical analysis made when the cheese was fresh 
from the press and when nine months old. 


. 
TABLE II.—SHOWING COMPOSITION OF CHEESE MADE FROM PASTEURIZED 
MILK. 


Nitrogen, expressed in percentage of nitrogen 
in cheese, in form of 





~ 


Water-soluble Para- Paranuclein, 
Age of cheese nitrogen casein mono- caseoses and : Am- 
when compounds. lactate. peptones. Amides. monia. 
analyzed. Per cent. Per cent. Per cent. Per cent. Per cent. 
Breah 6s 0<sin000 . Sus 11.36 3-13 fe) fe) 


gmonths........- 25.54 5.14 12.79 12.75 1.31 
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In studying these results, we notice that there was an increase 
in all the different classes of water-soluble compounds during the 
period of experiment. The amount of amido compounds was 
considerably in excess of that noticed in Table I in the case of 
cheeses made and kept in the presence of chloroform. Ammonia 
was formed, while none was present in Table I. The increased 
amounts of amido compounds and the presence of ammonia, 
observed in these experiments, as compared with the results of 
the experiments given in Table I, must be ascribed to the pres- 
ence in the former of a biological factor and not to rennet 
enzyme. 


COMPARISON OF THE EFFECT OF COMMERCIAL PEPSIN WITH THAT 
OF RENNET ENZYME IN CHEESE-RIPENING. 


In the following experiments, the cheeses were made in the 
normal way, without chloroform, except that the milk was 
pasteurized at 85° C. (185° F.) and hydrochloric acid was used 
in the place of lactic acid or a “starter.” In 55, rennet extract 
alone was used at the usual rate of 2.5 ounces for 1000 pounds 
of milk. In 56, in addition to rennet extract, we added 1 gram of 
Parke, Davis & Co.’s aseptic scale pepsin dissolved in water, and 
in 57, we used 15 grams of the pepsin and the usual amount of 
rennet extract. 


TABLE III.—SHOWING EFFECT OF COMMERCIAL PEPSIN IN CHEESE- 
RIPENING. 


Nitrogen, expressed as paseatnge of nitrogen 
in cheese, in form o 
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55 Fresh Revnet 4.76 65.45 2.41 2.36 0.0 
55 6 mos. extract 28.37 17.14 15.87 6.35 2.00 

0.9 


56 Fresh Rennet and{ 6.97 36.76 4.11 2.86 

I gram | 
56 6 mos. pepsin 29.80 17.04 16.47 7.10 1.91 
57 Fresh )ise and 25.00 59.53 22.80 2.20 0.0 


15 grams 


pepsin 46.67 11.61 41.00 5.68 0.49 


57. 3 mos. 
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In studying the results contained in Table III, we notice: 

(1) The use of 1 gram of commercial pepsin in addition to 
rennet extract slightly increased the proteolytic results in the 
cheese. ‘This cheese contained considerably less moisture than 
55 OF 57: 

(2) The use of 15 grams of commercial pepsin along with 
rennet extract produced very marked results. This is strikingly 
evident in the fresh cheese, where we have 25 per cent. of the 
nitrogen in the cheese present in the form of water-soluble com- 
pounds, while in the case of Experiment 55, in which rennet 
extract only was used, the amount of soluble nitrogen compounds 
is less than 5 per cent. At the end of three months, we still 
have much more of the soluble nitrogen compounds in 57, the 
pepsin cheese, than we have in 55, the rennet extract cheese, at 
the end of six months. 

(3) In comparing the proteolytic factors in Experiments 55 and 
57, the conditions of work were such that the chief essential 
difference was the presence of pepsin in the latter, though 57 
contained more moisture than 55. ‘Lhe observed difference in 
the chemical results could, therefore, be due only to pepsin, and 
this would be particularly true of the results obtained in the 
fresh cheese. 

COMPARISON OF THE EFFECT OF RENNET ENZYME AND OF COMMER- 
CIAL PEPSIN IN MILK, WITH AND WITHOUT ACID. 


We made a comparative study of the effect of rennet enzyme 
and of commercial pepsin upon milk-casein and upon casein 
monolactate. These experiments were carried out in the follow- 
ing manner: We heated 8.6 liters of milk for fifteen minutes at 
85° C. (185° F.), and after cooling added 2 per cent. of chloro- 
form by volume. Of this milk, we placed in each of several 
bottles 100 cc. In one case, we added, to the neutral milk, 0.22 
cc. of Hansen’s fresh rennet extract, and in another the same 
amount of old rennet extract. In other bottles, we added, in addi- 
tion to the rennet extract, 0.5 cc. of pure concentrated lactic acid, 
which was sufficient to convert the milk-casein into the mono- 
lactate. For comparison, we placed in other bottles, with and 
without acid, the same amount of milk and 0.06 gram of Parke, 
Davis & Co.’s aseptic scale pepsin for each 7 grams of proteid 
contained in the milk. Duplicates were used in all cases. The 
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contents of these bottles were kept at 15.5° C. (60° F.) and were 
examined at intervals, both chemically and bacteriologically. With 
the exception of a single determination, in the case of one bottle, 
the germ content was below 50 per cubic centimeter, which un- 
doubtedly represented spore forms. The old rennet extract was 
used for the purpose of answering the question as to whether the 
proteolytic changes, observed in Table I, were due to rennet 
enzyme alone, or whether the rennet may not have contained some 
proteolytic bacterial enzymes produced in the rennet extract 
previous to its use. 

The results of chemical analysis are given in the subjoined 
table. The determinations of nitrogen in the form of amides 
were made by the use of phosphotungstic acid, since it has been 
shown! that, in the case of peptic digestion, phosphotungstic acid 
is a more satisfactory reagent than tannic acid, especially in solu- 
tions having an acid reaction. The amount of nitrogen originally 
in the milk was 0.561 per cent. 

TABLE IV.—SHOWING THE EFFECT OF RENNET ENZYME AND COMMER- 


CIAL PEPSIN UPON MILK-CASEIN AND CASEIN MONOLACTATE. 


Nitrogen, expressed as percentage 
of nitrogen in milk, in form of 





Kind of With or Age of “Soluble Caseoses 
enzyme without milk when nitrogen an 
used. lactic acid. analyzed. compounds. peptones. Amides. 
Per cent. Percent. Percent. 
siete CIRAROER SO a onan . ee Fresh 9.98 a ai 
Fresh rennet Without I mo. 11.35 6.00 5.35 
ny si With Eee 29.80 22.22 7.58 
Old rennet Without ef 12.57 4.99 7.58 
es “s With ‘a 25.23 18.55 6.68 
Commercial pepsin Without ES 8.91 2.22 6.69 
as es With ES 33-51 25.93 7.58 
Fresh rennet Without gmos. __ 18.98 13.63 5-35 
“3 * With 9g “ 53-57 45.64 7-93 
Old rennet Without 9g ‘ 17.03 12.13 4.90 
“ “ With 9 47.96 39.67 8.29 
Commercial pepsin Without q“ 10.08 6.51 3-57 
m i With gq. * 56.96 48.05 8.91 


The data embodied in Table IV appear to be quite definite in 
respect to the following points: 

(1) The increased activity of rennet extract as well as of 
pepsin in she presence of acid is verymarked. Expressed in another 

1 New York Agr. Expt. Sta. Bull. No. 215, pp. 90 and 98 (1900). 
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way, these enzymes act upon casein monolactate much more ex- 
tensively than upon milk-casein. 

(2) If we compare the results secured by the use of the purest 
commercial pepsin with those given by the rennet extracts, we 
find that, in the presence of acid, there are formed soluble 
nitrogen compounds quite close in amount to those formed by 
rennet extract. The amount of soluble nitrogen compounds 
formed in neutral solution was fairly stationary during the nine 
months, while, in the case of the rennet extracts, there was a 
slow increase. The amount of amido compounds was surpris- 
ingly uniform in the case of the pepsin and the rennet extracts, 
in both neutral and acid reaction. 

(3) At any given time, the fresh rennet extract had, in most 
cases, formed a larger amount of soluble nitrogen compounds 
than had the old extract. This was particularly true in acid 
solution. ‘This result does not indicate that we had bacterial 
enzymes in the old rennet in addition to rennet enzyme. The 
difference in action of the two rennet extracts is not marked in 
the class of amido compounds. If the old extract contained 
bacterial enzymes, we should expect it to produce larger amounts 
of amido compounds. These results fail to show that the old 
rennet extract contained any proteolytic bacterial enzymes, as 
compared with the fresh extract. Moreover, the results given 
by pepsin suggest that the pepsin was able to account for all the 
changes observed in the case of the-rennet extracts in the presence 
of acid. 

COMPARISON OF THE EFFECT OF RENNET ENZYME AND OF COMMER- 
CIAL PEPSIN ON PARACASEIN DILACTATE. 


Paracasein monolactate was extracted from several pounds of 
cheese by a I0 per cent. solution of sodium chloride and this was 
treated with acid, precipitating paracasein dilactate. Of this 
compound washed free from salt, we placed 25 grams, suspended 
in water, in each of several flasks and sterilized by heat. We 
then sterilized some solution of pepsin and rennet extract by 
treating with 0.5 per cent. of formalin, containing 0.2 per cent. 
of formaldehyde. According to Bliss and Novy,’ pepsin is not 
affected by a I per cent. solution of formaldehyde nor rennet by 
a 4 per cent. solution. In one set of flasks, we added to each 

1 Jour. Expt. Med., 4, No. 1 (1899). 
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0.06 gram of the sterilized pepsin, and in each of the other set 
of flasks 0.5 cc. of the sterilized rennet extract. Duplicates were 
used in all cases. These were examined bacteriologically and 
chemically, at intervals for three months. The formalin was 
very effective in destroying bacterial forms. In some cases a 
few molds were found, but not in sufficient number to affect the 
work. The nitrogen in the material was 4.35 per cent. 


TABLE V.—SHOWING EFFECT OF RENNET ENZYME AND COMMERCIAL 
PEPSIN ON PARACASEIN DILACTATE. 


Nitrogen, expressed as percentage of nitrogen in 
mixture, in form of 





Water- Para- Para-nuclein 

soluble casein caseoses 

nitrogen mono- and Am- 
Enzymes Age when compounds lactate. peptones. Amides. monia. 

used. analyzed. Per cent. Per cent. Percent. Percent. Percent. 

Pepsin 2 weeks 33.68 2.30 aree rcre ° 
Rennet . 34.95 2.30 . sees ° 
Pepsin I mo. 41.61 eee 37.87 3-74 ° 
Rennet e 43.68 vee 40.00 3.68 ° 
Pepsin arcs 55-75 wes 46.55 9.20 0 
Rennet 57-25 eee 49.53 742 ° 


From the data contained in Table V, we can see that the results 
of our work indicate that: 

(1) Both pepsin and rennet enzyme exerted a marked proteo- 
lytic effect upon the paracasein dilactate, digesting about one- 
third of it in two weeks and considerably over one-half in three 
months. While the rennet enzyme appears somewhat more active 
in forming water-soluble nitrogen compounds, the actual differ- 
ence is small. 

(2) Both enzymes formed amides in small quantities, but 
neither produced any ammonia. 

(3) If we compare the results in Table V with those in Table 
III, we find that more proteolysis occurred in this experiment than 
in the presence of chloroform. ‘This is true of both enzymes. 
This suggests that the chloroform may exert a retarding in- 
fluence upon the action of pepsin and rennet. Malfitano' makes 
the statement that the action of pepsin is considerably diminished 
by chloroform. ‘The difference noted in our work may be due 
to the greater amount of acid present in the experiment in Table 
V. However, both sets of experiments practically agree in show- 
ing small formation of amides and entire absence of ammonia. 

1 Ann. Inst, Pasteur, 16, 853 (1902). 
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EFFECT OF COMMON SALT ON THE ACTION OF RENNET ENZYME IN 
CHEESE-RIPENING. 

Previous work’ shows that salt exerts a marked repressing in- 
fluence upon the proteolytic action of those enzymes that are 
present in milk when made into cheese. We have also found that 
in normal cheese the addition of increased quantities of salt de- 
creases the rapidity of proteolysis. We planned several of our 
experiments with a view to study the action of salt on cheese- - 
ripening, when rennet enzyme is the only proteolytic factor pres- 
ent. The results were not at all conclusive, but seem to indicate, 
as far as they go, that, in cheese-ripening, salt, in the propor- 
tions commonly used, has little or no influence upon the action 
of rennet enzyme. It may be mentioned, in this connection, that 
Chittenden and Allen? have shown that the action of pepsin, in 
digesting blood-fibrin, is diminished by the presence of common 
salt. 

EFFECT OF ABNORMAL CONDITIONS PRESENT. 

We have already called attention to the difference of conditions 
present in the experiments described in this bulletin and those 
found in normal cheese. We will now consider these in more © 
detail. These abnormal conditions, found in our experiments, 
but not present in normal cheese, are the following: (1) Milk 
heated to 85° C. to 98° C. (185° F. to 208° F.) to destroy all 
enzymes originally existing in milk; (2) the use of calcium chlo- 
ride or carbon dioxide gas to restore the coagulating property of 
milk-casein by rennet extract; and (3) the use of chloroform to 
suppress all activity of organisms. The question naturally arises 
as to whether the introduction of these unusual conditions seri- 
ously affected the results obtained and, if so, in what manner and 
to what extent. 

If the conditions mentioned showed any influence upon the 
action of rennet enzyme, the tendency was an unfavorable one 
for the action of this enzyme. 

SUMMARY AND DISCUSSION OF RESULTS. 


In the work described in the preceding pages, we have studied 
the proteolytic action of rennet enzyme under the following 
conditions : 


1 New York Agr. Expt. Sta. Bull. No. 203, p. 241 (1901). 
2 “Studies in Physiological Chemistry,”’ Yale Univ., I, 92 (1884-’85). 




















Sl 











RENNET ENZYME IN MILK AND CHEESE. 1253 





(1) In Cheese Containing Rennet Enzyme as the Only Proteo- 
lytic Agent, with and without Acid, and also with and without 
Salt.—In these experiments, all milk-enzymes were destroyed by 
heating at 95° C. to 98° C. (205° F. to 208° F.) ; the coagulable 
property of the milk-casein was restored by the addition of either 
calcium chloride or carbon dioxide gas, and all organisms were 
rendered inactive by chloroform. Acid, when present, was fur- 
nished by addition of pure lactic acid. 

(2) In Cheese Containing Rennet Enzyme together with Acid- 
forming and Some Proteolytic Organisms.—In these experiments, 
the milk-enzymes were destroyed by heating, acid was furnished 
by a lactic acid “starter,” but no chloroform was used. We thus 
had, as our only proteolytic agents, rennet enzyme in the pres- 
ence of acid and some liquefying organisms that were introduced 
in the “starter” or that got into the milk or curd during the 
operation of cheese-making. 

(3) In Cheese Containing Commercial Pepsin in Addition to 
Rennet Enzyme, together with Hydrochloric Acid and Such 
Organisms as Were Introduced during the Process of Making 
Cheese.—In these experiments, the milk enzymes were destroyed 
by heat and commercial pepsin added in different amounts. 

(4) In Comparison with Commercial Pepsin on Casein in Milk, 
with and without Acid.—In these experiments, the milk enzymes 
were destroyed by heat and all organisms were rendered inactive 
by chloroform. 

(5) In Comparison with Commercial Pepsin on Paracasein 
Dilactate.—In these experiments, rennet enzyme and commercial 
pepsin, sterilized by formaldehyde, were allowed to act upon sterile 
paracasein dilactate. 

The results of these experiments appear to us to justify the 
following statements : 

(1) In the case of every experiment made, whether with cheese 
or milk, there was little or no proteolytic action of either rennet 
enzyme or commercial pepsin in the absence of acid, while there 
was marked action, though in varying degrees, in the presence 
of acid. 

(2) In the absence of acid in cheese, no paracasein lactate is 
formed and little or no proteolysis occurs; in the presence of acid 
in cheese, or more strictly in the milk and curd, paracasein mono- 
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lactate is formed and proteolysis takes place, with the rennet 
ferment as the active agent. The ability of rennet enzyme to 
convert paracasein into soluble nitrogen compounds appears to 
depend upon the presence of paracasein lactate. In cheese- 
making, therefore, the primary function of acid appears to be the 
formation of a chemical compound with paracasein, commonly 
paracasein monolactate but, in excess of acid, paracasein dilactate. 
The conversion of paracasein monolactate by rennet enzyme into 
soluble nitrogen compounds is strongly suggested by the fact 
that, when the soluble nitrogen compounds increase, the para- 
casein monolactate decreases. 

(3) In comparing rennet enzyme and commercial pepsin in the 
case of cheese, milk and paracasein dilactate, the experiments that 
were strictly parallel have shown about the same extent of proteo- 
lytic action. 

(4) In the case of both rennet enzyme and commercial pepsin, 
the chemical work performed by the ferments is confined mainly 
to the formation of paranuclein, caseoses and peptones, while only 
small amounts of amides are formed, and no ammonia. 

(5) Rennet enzyme is a peptic ferment, as shown by the follow- 
ing characteristics: (a) Neither rennet enzyme nor pepsin causes 
much, if any, proteolytic change, except with the help of acid; 
(b) the quantitative results of proteolysis furnished by rennet 
enzyme and pepsin agree closely when working on the same 
material under comparable conditions; (c) the classes oi soluble 
nitrogen compounds formed by the two enzymes are the same 
both qualitatively and quantitatively; (d) neither enzyme forms 
any considerable amcunt of amido compounds, and neither pro- 
duces any ammonia; (¢) the soluble nitrogen compounds formed 
by either enzyme are chiefly confined to the groups of com- 
pounds knewn as paranuclein, caseoses and peptones. 

(6) The experiments made to determine the influence of salt 
on the proteolytic action of rennet enzyme, while not conclusive, 
suggest that salt has little or no effect upon the action of rennet 
enzyme in cheese-ripening. 

(7) In obtaining our results relating to the study of the func- 
tion of rennet enzyme in cheese-ripening, we were necessarily 
compelled to work under conditions more or less abnormal as 
compared with the conditions commonly present in cheese- 
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making. The effect of such unusual conditions would tend, if 
they had influence at all, to diminish the proteolytic action of 
rennet enzyme. We are, therefore, justified in believing that our 
results represent the minimum effect o1 rennet enzyme in cheese- 
ripening and that, under normal conditions, it takes, if anything, 
a larger part than that indicated by our experiments. 

(8) In some experiments, we eliminated all milk enzymes and 
all active forms of organisms contained in the milk before making 
it into cheese. In some cases, we had rennet enzyme in the 
presence of acid as the only proteolytic agent in the cheese; in 
others, we had the same conditions and, in addition, such pro- 
teolytic organisms as chanced to get into the milk and curd dur- 
ing the process of cheese-making. In the latter case larger 
amounts of amides were formed, and some ammonia, while, in 
the presence of rennet enzymes alone, no ammonia was formed 
and only small amounts of amido compounds. When we com- 
pare normal cheese with cheese containing only rennet-enzyme, 
we find the same difference, except that it is more pronounced, 
as we should expect. Hence, the special work done by the rennet 
enzyme as a factor in cheese-ripening is that of a peptic di- 
gestion, forming groups of water-soluble nitrogen compounds, 
intermediate in complexity of structure between paracasein and 
the amido compounds, viz., paranuclein, caseoses and peptones. 

In normal cheese, we find an accumulation of amides and 
ammonia, as the cheese grows older and a corresponding diminu- 
tion of the compounds previously formed. The formation of all 
the ammonia and of a large proportion of the amides found in 
ripened cheese must be due to some agency other than rennet 
enzyme, and the only other agents present, besides milk enzymes, 
that can do this work appear to be organisms or their enzymes. 
The first stage in normal cheese-ripening is essentially a peptic 
digestion of paracasein monolactate. Gradually amides are 
formed and later ammonia. It is probable that the first chemical 
work done in normal cheese-ripening is the conversion of para- 
casein monolactate by rennet enzyme into paranuclein, caseoses 
and peptones. The question naturally arises as to whether these 
compounds must be formed before other agents can take part in 
the work and carry it along farther, producing amides and am- 
monia. We are at present engaged in studying this phase of 
the problem. ; 
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(9) When rennet enzyme was the only digesting agent in cheese, 
we were unable, in any case, to find the slightest traces of cheese 
flavor. Apparently, we must look to other sources for this ‘m- 
portant product of cheese-ripening. 
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A METHOD OF GRADING SOAPS AS TO THEIR DETER- 
GENT POWER. 


By H. W. HILLYER. 
Received October 7, 1903. 

As FAR as known to the writer, no method for directly determin- 
ing the detergent value of a soap is now known. It is assumed. 
and with much justice, that the value of a soap is a function of 
the amount of combined fatty acids present, and the valuation of 
soaps is now based on the determination of the fatty acids. Be- 
sides this, the determination of the free alkali and of water and 
various filling materials is required. These determinations give 
evidence on which the valuation of the soap may be based and, 
to some extent, for ascertaining the materials from which it is 
made, but do not give any direct measure of the value as a 
cleansing agent and, further, require a complex judgment to 
interpret them. 


The method now proposed is based on the study of sodium 
soaps, previously publishd in this Journal, 25, 511 and 524. In 
the articles indicated, it was found that when a solution of a 
soap is made to form drops beneath the surface of an oil, the 
number of drops formed from a given volume of the solution is 
dependent on the amount of soap present in the solution. Further, 
the conclusion was reached that the number of drops formed was 
a measure of the emulsifying power of the given soap solution, 
and that the emulsifying power was so large a part of the 
cleansing power that it might stand as a measure of it, especially, 
since two of the other probable factors in cleansing, namely, 
penetrating or wetting power, and lubricating power are depen- 
dent on the same physical properties as the emulsifying power. 
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Soaps are used principally in one of two ways. They are used 
with cold or luke-warm water, as in wool-scouring and for toilet 
purposes; or, on the other hand, they are used in boiling water, 
as in silk-boiling, dish-washing, and laundry work. A soap may 
be of value for one of these purposes and of comparatively little 
value for the other. The method proposed takes these two pecul- 
iar conditions of use into account and attempts to grade the 
soaps as to their efficiency for cold use and, on the other hand, 
for use with hot water. 

For making the test for efficiency in use with hot water, 
the apparatus is similar to that used for the study of sodium 
palmitate and stearate, but modified in the interest of 
greater constancy of results. The essential part is a pipette (A) 
with a capillary outlet of about 0.5 mm. internal diameter and a 
flat, horizontal surface, about 10 mm. in diameter, from which the 
drops fall. This surface must be free from capillary openings, 
which may contain air, as described in a former article. The 
reservoir of the pipette is spherical, that it may have a small 
vertical height relatively to its volume, since a great vertical 
height makes a greater difference in the pressure and consequent 
rate of flow at the commencement and at the end of an observa- 
tion. When the initial pressure is great, the rapidity of flow may 
make the solution run down in a stream or cause the drops to 
be formed too rapidly to be easily counted. This may be over- 
come by dipping the pipette more deeply into the oil; but when 
that is done the later drops are formed more slowly than is de- 
sirable. By having the bulb capacious in proportion to its verti- 
cal height the initial and final rates of flow are nearly enough 
alike to prevent any special difficulty. The pipette holds 5 cc. 
from a mark on the stem to the upper end of the capillary. The 
stem has an internal diameter of 3 mm., wide enough to allow 
filling from above, and, to facilitate this method of filling, it is 
widened at the upper end into a small funnel. 

The second part of the apparatus is the receptacle for the oil, 
which may be a simple test-tube, but is preferably made in the 
form (BC) indicated in the drawing. This form maintains a more 
nearly constant pressure and promotes more regular work. To 
maintain the apparatus at the boiling-point of water, it is sup- 
ported in a large beaker, which is used as a water-bath. The 
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beaker is covered with a sheet of zinc or aluminum with its 
edges turned down over the edge of the beaker, and with a per- 
foration cut in it suitable for the insertion of the apparatus. 
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To make use of the apparatus, 2 or 3 cc. of water are poured 
into B and then followed by 20 cc. of kerosene. A little of 
the solution to be tested, previously heated on a boiling water- 
bath, is poured into the pipette and shaken about, and then blown 
out through the capillary, using a piece of rubber tubing as a 
mouth-piece. This is repeated twice more. Then the pipette is 
filled full, and by a strong pressure from the lungs the air bubbles 
are forced out of the capillary and washed away. ‘The pipette, 
supported in a cork, is placed in the kerosene, and the number of 
drops formed from 5 cc. of the solution is counted. The solution, 
as it flows from the pipette, falls to the bottom of the oil reser- 
voir B and overflows into C, while the level of the kerosene 
remains constant and the variation of pressure is that only which 
results from the change of level of the solution in the pipette. 
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Since this is in every case the same, comparable results are more 
easily obtained than by the use of a test-tube as oil reservoir. 

To make a test of efficiency of the soap for use in cold water, 
the same apparatus is used, except that the beaker, used as a 
water-jacket, is not necessary. ; 

As a standard for the hot test, 1 gram of neutral sodium pal- 
mitatc, dissolved in zco cc. of hot water, is used. Of this, 10 cc., 
20 cc., 30 cc., and 40 cc. are, respectively, diluted to 50 cc. with 
boiling water, giving solutions containing 0.2, 0.4, 0.6, and 0.8 
of the standard. The number of drops formed by each of these 
solutions, when it flows into a kerosene, adopted as a standard 
kerosene, is determined, and also the number of drops formed 
by the standard solution itself and the number of drops formed 
by water. The data obtained are plotted as a curve in which the 
ordinates represent percentages of the standard and the abscissas 
represent the number of drops corresponding to the percentages 
of the standard. The data, obtained with a certain kerosene, are 
here given and the curve (A) derived is shown in the figure. 

The standard is made by bringing together 0.921 gram of 
palmitic acid and 36 cc. decinormal sodium hydroxide and dilu- 
ting to 200 cc. with hot water. 


Full standard gives drops 271-265-269 = 268 average. 


0.8 e os yi 228-228 = 228 : 
0.6 “ 7 % 180-178 =179 “ 
0.4 “ es as 118-121 =119 “ 
0.2 ““ “ “ec 56-55'/, = 56 “se 
Water “8 “s i9 = I9 "s 


If any solution of sodium palmitate, which contains an amount 
less than one part in 200 of water, is tested by the dropping 
method at the boiling-point, the amount present may be deter- 
mined by counting the number of drops formed. By finding, on 
the curve, a point corresponding to the number of drops counted 
and letting fall a perpendicular from this point upon the base line, 
a point will be found which indicates, as a percentage of the 
standard, the amount of palmitate present. 

Other soaps may be tested in the same way and referred to 
sodium palmitate as a standard. If 0.5 gram of a commercial 
soap is dissolved in 100 cc. hot water and its solution tested at 
the boiling-point, we may state the result in this way: The soap 
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in question gives the number of drops which would be given by 
a solution of sodium palmitate containing (1) per cent. of the 
standard. 

According to the conclusions arrived at in the previous articles, 
the number of drops is a measure of the detergent power of the 
solution. Consequently, the result of the test may be stated as 
follows: The soap has, when used for cleansing with hot water, 
a detergent power as great as a soap containing (1) per cent. 
of sodium palmitate. 

TEST FOR COLD-WATER SOAPS. 


A solution containing one part of sodium oleate in 200 parts 
of cold, freshly boiled, distilled water is taken as the 100 per cent. 
standard for soaps to be used with cold water. From this, frac- 
tional standards are made as before, using cold, freshly boiled, 
distilled water to dilute with. All are tested as to their drop 
number in the cold and a curve constructed. In a previous 
article it was stated that the curve for sodium oleate was differ- 
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ent in shape from the curves for the other sodium soaps tested. 
The following data gives a curve for oleate (B), which appears 
to have nearly the same form as the curves previously given for 
rosin soap and different from the curves formerly given for 
oleate. But this difference is due to the greater dilution of the 
solution and to the greater number of fractional standards, and 
to the fact that observations are made nearer the origin. The 
curve shows that sodium oleate is somewhat hydrolyzed at great 
dilutions. A set of standards gave the following data and 
curve (B). 
Full standard gives drops 153-153 = 153 average. 


0.8 <s 139-I14I = 140 

0.7 s «128-128 = 128“ 
0.6 os ‘949-842-123, “* 
0.5 es " “* TESS tre “ 
0.4 *e ef ‘* 107-105 = 106 ‘ 
0.3 a A af ae == Sg 
0.2 % * " 5I-so = 51 “* 
o.1 me a ie 26-45 (== ay. * 
Water _ = ii-s) = 32 * 


For evaluating a commercial soap for efficiency in use with 
cold water, the following method of working was decided upon 
after trying several others, which will be indicated later. The 
soap to be tested is shaved as thin as possible, and 0.5 gram of 
the shavings weighed and placed in a 100 cc. flask. The flask is 
then filled to the mark with cold, freshly boiled water and allowed 
to stand over night. In the morning the solution is stirred, and 
filtered through a dry filter, letting all run through that will and 
keeping the solution in the funnel protected from the carbon 
dioxide of the air by a watch-glass. When all has run through, 
the filtrate is stirred gently, avoiding making a foam, and a 
dropping test in the cold is made, using the same pipette and 
kerosene as that used in testing the standards. By applying, to 
the standard curve, the drop number observed, a number is ob- 
tained which may be stated, as in case of the hot test. A certain 
number of drops shows that the soap in question is as efficient 
for cold cleansing as an equal amount of soap containing (1) 
per cent. of sodium cleate. 

Since surface-tension, viscosity, specific gravity and solubility, 
factors which enter rrore or less into the working of the test, are 
all influenced by changes of temperature, it is best to maintain 
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the temperature constant, as nearly as possible, in all the work 
involved in making the cold test. It will be convenient, in many 
cases, to select a convenient room temperature and maintain this, 
as nearly as possible, during the preparation and testing of the 
standards, and the preparation and testing of the soap solutions 
to be evaluated. If many tests are t> be made, a trough with 
glass sides, through which a stream of hydrant water is main- 
tained, might be convenient to set the flasks in and to receive the 
oil-holder while observations are being made. 


Data obtained with a few commercial soaps are here given, 
showing for each the number of drops formed in the cold test and 
the percentage efficiency for cold use, indicated by the test; and 
the drop number by the hot test and percentage efficiency for hot 
use. The soaps tested are nearly all much-advertised soaps. 





Cold. Hot. 
Number. Drops. Efficiency. Drops. Efficiency. Remarks. 
1 121 37 go 31 Cold made, cocoanut oil. 
2 56 13 67 21 Hygienic cocoanut oil. 
3 II4 34 221 77 Toilet. 
4 119 36 202 69 Shaving. 
5 84 22 80 28 Tar, toilet. 
6 75 19 103 35 Yellow laundry, rosin. 
“} 100 28 135 45 . ce “f 
8 107 31 173 58 Household for cold use. 
9 98 27 150 50 7 - se 
Io 139 49 170 57 ai -% “a 
II 97 27 206 71 White laundry and toilet. 
12 see +e 226 79 nf of 
13 vee + 216 75 Prime yellow laundry. 
14 120 37 218 76 es ee * 
15 TO4 30 277 106 Steam laundry, tallow. 
16 142 54 ee eee Castile, old and dry. 


These results show how wide a ditference there is between 
soaps which have wide sale and also the desirability of having 
some standard by which to readily judge them. In the retail 
market, many household soaps sell at the price of five cents per 
bar. The bars vary very much in weight, but it was found that 
in a number of cases the value per bar was approximately equal 
according to the drcpping test. For example, No. 6 is sold in 
bars weighing 330 grams; its hot test shows 35 per cent. The 
product of these, or efficiency per bar is 115.5. No. 7 is sold in 
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270-gram bars. The hot test shows 45 per cent., or efficiency per 
bar, 121.5. No. 11 is sold in 160-gram bars. Hot test, 71 per cent. 
Efficiency per bar, 113.6. 

This calculation shows that in some cases the manufacturers 
have correctly estimated the relative value of their product. 


From the table it may be seen that those soaps intended for 
toilet purposes or advertised for cold use are, for the most part, 
of a relatively high efficiency by the cold test. No. 16 is a 
dry, old, standard castile soap and shows the highest cold test 
of any. But it is somewhat surprising that even this is only a 
little more than half as efficient as pure sodium oleate. 

No. 15 is a soap known to be made from tallow. It is con- 
sumed by local steam laundries and regarded by them as the best 
soap they can find for their purpose. According to the hot test, 
it is above the standard palmitate in efficiency. Nos. 11, 12, 13, 
and 14 are among the most highly appreciated family soaps on 
the market, and show a high hot test. 

That there is not a complete agreement between the tests and 
the advertised uses is not strong evidence against the test. The 
makers may be mistaken in their judgment of the best way 
to use their soaps, or they may, in some cases, purposely advertise 
them for uses to which they are not well adapted. 


It is not expected that the method, at least in its present form, 
will give a very exact measure of the value of soaps, but it is 
hoped that, in a field where there is no exact method, the one 
here proposed may aid consumers in selecting soaps fitted to 
their special needs and in writing specifications by which soaps 
may be contracted for. It is also hoped that it may lead to a 
more concordant judgment, on the part of manufacturers, as to 
what a normal soap is, and as to how far it is legitimate to vary 
from this normal soap. If some ready method of judging a soap 
is adopted, it may seem unprofitable both to maker and consumer 
to pay freight charges on water and fillers which are of no real 
detergent value. 

The hot test may be relied upon to give results concordant 
within 1 per cent. for successive samples and within a much 
closer limit in duplicate tests of the same sample. The cold test 
is not as accurate as the hot test on account of the colloidal 
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nature of the solution. It will probably grade soaps within 4 
or 5 per cent. in the case of soaps whose solutions are very slimy, 
and within a closer limit in cases in which the solutions are mobile. 

The working out of the hot test presented no particular difficulty, 
since the soaps worked with dissolve in hot water to give mobile 
solutions which readily flow through the pipette and can be 
readily duplicated. In working out the cold test, the method in- 
dicated was adopted only when other methods proved unsatis- 
factory. It is thought best to give an account of some of these 
attempts that others may not find it necessary to repeat them 
without modification. 

At first the solutions, prepared for the hot test, were allowed 
to cool, then poured upon a filter and the filtrate tested cold. But 
the first portion of the filtrate gives a lower drop number than 
the later portions, and even if all is allowed to drain off before 
testing, and in this way an average for the whole sample ob- 
tained, the drop numbers for successive samples is not at all 
concordant. These difficulties are probably due to the great 
variation in the solubility of the colloidal precipitate which sepa- 
rates, with small differences in temperature and to the slowness 
with which equilibrium is reached between the dissolved and 
undissolved colloid. 

It was thought that by making the solutions more dilute, they 
might have a low enough viscosity, when cold, to flow through 
the pipette without filtering. This was found to be the case 
when the solutions contained only one part in 40Q parts of water. 
but on testing several soaps of different classes in this way, they 
all showed nearly the same cold test and no comparison could 
be based on the results. 

Another attempt was made by adding a solution of common 
salt to the soap solution and then filtering. It was found that 
when equal quantities of 2.5 per cent. sodium chloride solution 
were added to 0.5 per cent. sodium palmitate solution, that nearly 
all of the palmitate was precipitated and the filtrate showed only 
a small drop number. When the same salt solution was added 
to 0.5 per cent. oleate solution there was, at first, no precipitation 
and the drop number was increased. But the oleate solution with 
salt, on making successive tests, showed a rapidly decreasing 
drop number, making it impossible to use this mixture as a basis 
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for a-stdodand curve. The decrease in number of drops is very 
soon appdeent, the solution becomes cloudy, and, in a few days, 
nearly all of the oleate appears to be precipitated, while the fil- 
trates, no matter what the original strength, show a strong tend- 
ency to the same minimum drop number. 

LABORATORY OF ORGANIC CHEMISTRY, 


UNIVERSITY OF WISCONSIN, 
June, 1903. 


A RAPID METHOD FOR THE DETERMINATION OF SUL- 
PHUR IN COAL AND COKE. 


By J. D. PENNOCK AND D. A. MORTON. 


Received October 5, 1903. 

As 1s well known, foundrymen require coke containing a 
minimum percentage of sulphur. It has been found necessary 
to be able to quickly determine the percentage of sulphur in the 
coal to be used for coke-making in order that a selection of those 
cars containing coal low in sulphur, may be made, for the rail- 
road companies charge demurrage on all cars not emptied in 
twenty-four hours. By the method described in this paper, one 
chemist has been able to make twenty determinations of sulphur 
in six-hours. 

The determination of sulphur in coals and cokes, as described 
in this paper, is, in its essential features, a combination of parts 
of two methods already in use. These parts are, first, the process 
used by Sundstrom’ for the complete oxidation of coals by means 
of sodium peroxide; second, the method of Andrews? for the 
volumetric estimation of the sulphur thus formed. 

In carrying out these processes, however, various modifications 
have been introduced in order to accomplish, as perfectly as possi- 
ble, the end in view; namely, the accurate, rapid, and convenient 
estimation of sulphur in coals and cokes. This object is satis- 
factorily accomplished by following the method as outlined below. 


APPARATUS AND SOLUTIONS. 


Crucible.—A_ soft steel crucible of about 40 cc. capacity, the 
lid being perforated with a small hole for the introduction of the 
igniting wire. 


1 This Journal, February, 1903. 
2 Am. Chem. J., i, 567; J. Anal. Chem., 4, 73 (1890). 
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Crucible Stand.—Any arrangement suitable for holding the 
crucible firmly in place and out of contact with the beaker during 
the peroxide combustion. 

The following diagrams show the form of crucible and stand 
used in this laboratory: 
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Crucible. Stand. 
Thickness of walls and bottom of cruci- The stand is made from a sheet of alumi- 
ble, Ugo inch. num, 2 inches by 2 inches, cutting as indi- 
Hole in cover, diameter at top, 1/4 inch. cated by the heavy lines, then bending up- 


Hole in cover, diameter at bottom, 3/3. ward at right angles the four points 
inch, marked ‘A,’ and downward at right an- 

Other dimensions as shown in diagram. gles the four points marked “B,” making 
The crucible and lid are nickel-plated. the bends along the dotted lines. 


Barium Chromate Solution—A solution of 23 grams pure 
barium chromate fn a mixture of 80 cc. concentrated hydrochloric 
acid and 920 cc. water. With the use of commercial C. P. 
barium chromate, much trouble has been experienced because of 
its impurity. A suitably pure barium chromate may be prepared 
by adding a dilute potassium chromate solution to the theoretical 
quantity of barium chloride, also in dilute solution, and then 
washing the precipitate thoroughly. 

Sodium Thiosulphate Solution (tenth-normal).—24.8 grams 
of the pure crystallized salt dissolved in water and the solution 
diluted to 1 liter. 

Iodine Solution (tenth-normal).—12.69 grams iodine dissolved 
in a solution of 18 grams potassium iodide in 50 cc. water and the 
mixture diluted to 1 liter. 

Starch Sclution. 
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THE DETERMINATION. 

Introduce into the crucible 16 grams sodium peroxide and 0.7 
gram coal (or 11% grams sodium peroxide and 0.7 gram coke), 
and mix thoroughly by means of a small spatula. Cover, and 
place the crucible on its stand in a 20-ounce beaker of water, in 
such a way that the lower half only is immersed and the base of 
the crucible is slightly raised from the bottom of the beaker. 
Ignite the contents by thrusting a red-hot wire through the hole 
in the cover into the mixture. Complete fusion and combustion 
take place almost instantaneously. After three minutes or more, 
remove the stand and tip the crucible over on its side in the 
water. The fusion dissolves in a few moments and the crucible 
is then rinsed and removed. Add hydrochloric acid to the solu- 
tion until distinctly acid, and boil. To the boiling liquid add 
ammonia until a few drops in excess, let boil vigorously a 
minute or two, then add 15 cc. of barium chromate solution and 
boil another minute. Add sufficient water to the boiling solution 
to make its volume 200 cc., then ammonia until several drops in 
excess, and continue boiling vigorously for one or two minutes 
longer. Allow to settle a few moments, filter and wash the pre- 
cipitate twice thoroughly, using from 20 cc. to 30 cc. of hot water 
for each washing. 

Add about I gram potassium iodide crystals to the filtrate, cool 
to 30° C., add 5 cc. hydrochloric acid, then run in the thiosulphate 
solution until the end-point is reached. The presence of a few 
cubic centimeters of starch solution renders the end-point more 
distinct. Titrate back, if necessary, with the iodine solution. 

cc. N/1o Na,S,O, X 0.153 = per cent. S. 

The determination depends, of course, on the fact that the 
precipitation of barium sulphate liberates an equivalent amount 
of chromic acid, which remains in solution as ammonium chro- 
mate when the excess of barium chromate is precipitated by 
ammonia. 

REMARKS. 


The directions for the peroxide combustion should be followed 
with especial care, for, if less sodium peroxide is used than the 
directions require, the reaction may be explosively violent; and, 
on the other hand, if too much sodium peroxide is used, the com- 
bustion will be incomplete. Also, the thorough mixing of the 
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fuel with the peroxide must not be neglected or an explosive and 
incomplete reaction will result. 

After each addition of ammonia, the solution is boiled to re- 
move most of the excess, but it should still remain slightly am- 
moniacal. The addition of the barium chromate does not always 
precipitate the sulphate immediately, but the subsequent boiling 
for one or two minutes insures complete precipitation. The final 
washing of the precipitates, if carried too far, will dissolve pre- 
cipitated chromate and thus introduce an error. It has been 
found that two washings, using a small amount of hot water for 
each, produces the desired effect of thoroughly removing the 
chromate in solution without decomposing the precipitate. 

RESULTS. 

Up to the present time more than 1000 determinations by this 
method have been made in this laboratory. The accuracy of the 
results has been tested by comparison with the Sundstrom 
method, with the Eschka method, and by tests on solutions of 
known sulphate content. A number of the results thus obtained 
are cited below. The determinations on coal sample No. I were 
made independently by three analysts, each making two tests by 
the volumetric and two by the Eschka method. The four volu- 
metric determinations of coke sample No. I required exactly one 
hour’s time, showing the extreme rapidity as well as the accuracy 
of the method. 





Soft coal samples. Coke samples. 
e% II. III. IV. x II. 
r 1.95 
2.03 0.71 
Per cent. S, 1.97 1.26 1.16 1.06 0.70 1.43 
volumetric} ; 98 {13 ee {1 0.70 — 
method. 2.01 1,30 1,02 0.75 
2.04 
2.03 0.75 
2.06 1.05 6 Per cent. S, 
Percest.$, Jocg 1.90 1:90 feed fie Sundstrom 1.47 
Eschka } 4 06 0-79 method. 1.42 
method. 2.04 0.70 
2.00 





Solutions, each containing 23 grams sodium chloride, a little 
iron, and a known quantity of sulphate (hence practically of the 
same composition as the solution obtained by the peroxide fusion 
of a coal) gave the following results: 
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Per cent. S present ---..-..- 0.46 0.914 1.37 2.29 ©=-0.98 1.96 
0.91 0.96 
Per cent. S found.........+. 0.45 20} 1.35 {2 34 1.02 1.93 
0.92 2.36 “ = 
CONCLUSION. 


The results of all tests show that the method carried out in 
accordance with the above directions, is accurate to within a few 
hundredths of a per cent., and is so rapid that an average of two 
or even three complete determinations per hour can be accom- 
plished. It can be used with especial advantage where large num- 
bers of sulphur determinations are required, since in such a case 
its saving in time and in the use of platinum becomes an important 
item. 

The method can be successfully employed not only for the 
determination of sulphur in coals, but also, with suitable modifica- 
tions, for the determination of small percentages of sulphur in a 
large number of organic and inorganic substances. 


LABORATORY OF THE SOLVAY PROCESS CoO., 
SYRACUSE, N. Y 


ON TRIPHENYLMETHYL ACETATE. 


By M. GOMBERG AND G. T. DAVIS. 
Received October 12. 1903. 


HeEMILIAN,' the discoverer of triphenylcarbinol, observed that 
the carbinol reacts with acetyl chloride, giving rise to hydro- 
chloric acid and a crystalline mass which, on exposure to moist 
air, loses acetic acid and changes back to the carbinol. With 
acetic anhydride and with benzoyl chloride he obtained unstable 
esters, which were readily decomposed by water and by alcohol. 
Later, Allen and Kolliker? described a method for the preparation 
of triphenylmethyl acetate, which consisted in the action of acety! 
chloride upon triphenylcarbinol ethyl ether, 

(C,H,;),;C — O— C,H, + CH,COCI = 

(C,H,;),C —O— OCCH, + C,H,Cl. 
They claim to have identified the escaping gas as ethyl chloride, 
and give the melting-point and the solubilities, as well as the 


1 Ber. d. chem. Ges., 7, 1207 (1874). 
2 Ann. Chem. (Liebig), 227, 116 (1885). 
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analysis, of the acetate. Recently, Herzig and Wengraf,? in con- 
nection with their studies on the acetyl derivatives of aurin, rosolic 
acid and benzaurin, repeated the experiments described by 
Hemilian, and by Allen and Kolliker in regard to the acetyl com- 
pound. Herzig and Wengraf find that the acetyl derivative, as 
obtained by them, possesses greater stability than ascribed to it 
by Hemilian. They also claim that the original method of 
Hemilian, the action of acetyl chloride directly upon the carbinol, 
is to be preferred to the method of Allen and Kolliker, who em- 
ployed the triphenylcarbinol ethyl ether instead of the carbinol 
itself. Hemilian, as well as Herzig and Wengraf, concluded 
that the product described by them was the acetyl derivative, 
because, on treatment with water, the carbinol was regenerated, 
apparently by saponification. With alcohol, the acetyl compound 
gave the triphenylcarbinol ethyl ether, the reaction being the re- 
verse of that which gave Allen and Kolliker the acetyl derivative, 


(C,H;)3C —O— OCCH, + C,H,OH = 
(C,H,),C — O — C,H, + CH,COOH. 


It is on the basis of the above-mentioned researches that the 
statements in the literature? in regard to triphenylmethyl acetate 
are made. In the following pages it will be shown that the reac- 
tions described by the different investigators lead, not to the 
formation of the acetyl derivative but simply to that of triphenyl- 
chlormethane; that the acetyl compound, prepared by us by an 
indirect method, possesses properties different from those assigned 
to it by others, and that the acetyl compound could not exist 
under the conditions of the experiments which were used for its 
preparation. 


Action of Acetyl Chloride.—One of us reported* that by treat- 
ing triphenylcarbinol ethyl ether with acetyl chloride pure tri- 
phenylchlormethane was obtained. The discrepancy between 
these results and these of Allen and Kolliker, who claimed to 
have obtained, by this reaction, triphenylmethyl acetate, necessi- 
tated a careful revisicn of the experiments. 


1 Monatsh. Chem., 22, 612 (1901). 

2“ Beilstein,” II, 1083; V. Meyer u. P. "Jacobson, ‘Lehrbuch,’ II, 2, 109; “ Richter,” 
3rd Ed., 353; Remsen’s ‘‘ Organic Chemistry,” 355; Baeyer u. Villiger : Ber. d. chem. Ges., 
35, 3015, etc. 

8 This Journal, 24, 618 (1902). 
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(1) The ethoxy compound, (C,H,),C —OC.H;, was made 
by boiling triphenylchlormethane with absolute alcohol. The 
product was recrystallized once from alcohol and twice from 
petroleum ether. The substance was thus obtained in pure white 
crystals, melting sharply at 83°C. To 2 grams of this ethoxy 
compound was added an amount of freshly distilled acetyl chlo- 
ride just sufficient for solution, and the mixture was boiled for 
about an hour. Upon cooling slowly, large white crystals, 1.5 
grams, separated. After recrystallization, the product gave a 
melting-point of 112° C., and was identified by its properties and 
by analysis as pure triphenylchlormethane. 

(2) Two grams of the ethoxy compound were dissolved in 
cold acetyl chloride. A small amount of heat was generated by 
the reaction, and crystallization commenced at once. A little 
petroleum ether was added and the mixture cooled in ice. The 
crystals, 1.8 grams, were washed with petroleum ether, recrystal- 
lized and analyzed. They melted at 111° C., and consisted of 
pure triphenylchlormethane. An analysis gave 12.91 per cent. 
chlorine ; calculated, 12.75 per cent. 

(3) The triphenylcarbinol, instead of the ethoxy compound, 
was next tried. Two grams were dissolved in acetyl chloride. 
The solution was of a violet color and changed to a dark red as 
the reaction progressed. Some heat was evolved in this reaction 
also. The crystals which separated on cooling, 1.7 grams, showed, 
on recrystallization, a melting-point of 109° C., and were found 
to consist of pure triphenylchlormethane. The analysis gave 
12.67 per cent. chlorine. 

The action of acetyl chloride upon triphenylcarbinol and upon 
its ethoxy compound is, therefore, as follows: 

(C,H,),C —O-— C,H, + CH,CO.Cl = 
(C,H,),C — Cl + CH,COOC,H,,. 
(C,H,;),C —O— H + CH,CO.Cl = 
(C,H,),C — Cl + Cli,COOH. 

Action of Acetic Anhydride——(1) One gram of the pure car- 
binol was boiled for an hour with pure acetic anhydriie. The 
acid was then distilled off under diminished pressure and the 
residue recrystallized from petroleum ether. The product, 0.9 
gram, melted at 160° C., and was found to consist of unchanged 
carbinol. 
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(2) Another sample of triphenylcarbinol was boiled with acetic 
anhydride and anhydrous sodium acetatc. The solution was 
filtered hot and concentrated, as before, under diminished pres- 
sure. The resulting product, which melted at 159° C., was again 
unchanged carbinol. 

Herzig and Wengraf obtained, on boiling the reaction product 
from acetic anhydride and the carbinol with alcohol, triphenyl- 
carbinol ethyl ether. But, as they themselves observe, this can- 
not be taken as a conclusive proof that the acetyl compound was 
the cause of its formation, because the carbinol itself gives, on 
boiling with alcohol in presence of a small amount of acetic acid, 
the ethyl ether compound. The experiments described above show 
that in reality no acetyl compound was formed. 

Triphenylmethyl Acetate-——We next prepared the acetyl com- 
pound by an indirect method,—by the action of silver acetate upon 
triphenylchlormethane. Four grams of triphenylchlormethane 
were dissolved in benzene, mixed with an excess of silver acetate 
and boiled, with reflux condenser, for two hours, moisture being 
carefully excluded. The solution was filtered hot and the excess 
of benzene distilled off. The crystals, which separated out on 
cooling with ice, were washed with petroleum ether and then 
recrystallized, twice from petroleum ether and twice from acetic 
ether. The melting-point of the crystals remained constant at 
87°-88° C. ‘The analysis gave: 


Calculated for Found. 
(CgH5)gCOo.CCHy. I. Il. 
CO 5 ctslacaes er eawd saanesrwares 83.44 82.98 83.37 
Hydrogen ........ Ares a vermiaraca cess siecere 6.01 6.06 5-99 


The acetyl group was determined in the usual manner, by boil- 
ing the substance with an alcoholic solution of potassium hydrox- 
ide and titrating the excess of the alkali with a standard solution 
of acid. Calculated for (C,H,;),CO.OCCH,, acetyl, 15.25 per 
cent.; found, 13.19 and 13.07 per cent. 

We have also prepared the acetyl compound without the em- 
ployment of heat. One sample of triphenylchlormethane was 
suspended in absolute ether, an excess of silver acetate added, 
and the whole shaken for three weeks at the temperature of 25° C. 
A second sample, dissolved in benzene, was treated in the same 
way. In both instances, almost quantitative yields of very pure 

1 Compare Bistrzycki und Herbst : Ber. d. chem. Ges., 3§, 3133 (1902). 
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triphenylmethyl acetate were obtained. The acetyl compound 
melts, as stated, at 87°-88° C. It is very soluble in the usual 
organic solvents, and, like so many other triphenylmethyl deriva- 
tives, shows a tendecy to separate from concentrated solutions 
in the form of an oil, which, on scratching, changes to a crystalline 
mass. Acetic ether gives the best appearing crystals. The com- 
pound is readily decomposed by water and by alcohol. 

Action of Acetic Acid upon the Acetyl Compound.—lIt was 
found by one of us? that triphenylchlormethane reacts but slowly 
with cold glacial acetic acid, but quite appreciably when the solu- 
tion is heated. It was also found? that hydrochloric acid acts 
upon triphenylcarbinol in acetic acid even when the latter con- 
tains as much as Io per cent. water, and gives triphenylchlor- 
methane. It was suggested that while in a 90 per cent. acetic 
acid solution the reaction is a reversible one in regard to car- 
binol (1), in absence of water it is similarly so in regard to the 
acetyl compound (II). 

(C,H,),C.Cl + H,O= (C,H,),C.OH + HCl (I) 
(C,H,),C.Cl + CH,COOH = (C,H,),CO.COCH, + HCl (II) 
Experiment, however, shows that this is not the case in (I1). Two 
grams of triphenylchlormethane were heated with a large ex- 
cess of carefully purified glacial acetic acid on the water-bath, 
and a constant stream of dry carbon dioxide was passed through 
the solution for twenty hours. A careful examination of the 
residue, obtained on removing the acetic acid under diminished 
pressure, showed thai, in addition to some triphenylchlormethane, 
it contained triphenylcarbinol, but none of the acetyl compound. 

Action of Acetyl Chloride upon the Acetyl Compound.—The 
acetyl chloride for this experiment was carefully fractionated. 
A stream of thoroughly dried carbon dioxide was then passed 
through the chloride in order to free it completely from any hy- 
drochloric acid gas which it might have contained in solution. 
One-half gram of pure triphenylmethyl acetate was gently warmed 
with the acetyl chloride. The excess of the liquid was removed in a 
stream of dry air, and the crystalline residue was dried in a 
vacuum dessicator over soda-lime. It melted at 109° C., and 
proved to be pure triphenylchlormethane. The analysis gave 
12.97 per cent. chlorine; calculated, 12.75 per cent. 


1 Ber. d. chem. Ges., 36, 379 (1903). 
2 Jbid., 36, 384 (1903). 
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As Hemilian, Allen and Kolliker, and Herzig and Wengraf 
have all used acetyl chloride in the preparation of the substance 
described by them as triphenylmethyl acetate, and as the latter 
is decomposed by that reagent, it follows that the substance de- 
described by them as triphenylmethy] acetate, and as the latter 
It was, we believe, triphenylchlormethane. The latter would 
give, on treatment with water or with alcohol, the same 
products as the acetyl compound: the carbinol or the ethoxy 
compound. In fact, this is true of all the salts of thiphenylmethyl : 
the halides, the sulphate, the picrate, etc., are readily hydrolyzed. 


ANN ARBOR, MICH., 
September, 1903. 


ON THE POSSIBLE EXISTENCE OF A CLASS OF BODIES 
ANALOGOUS TO TRIPHENYLIIETHYL. 


[PRELIMINARY NOTICE. ] 


By M. GOMBERG. 


Received October 12, 1903. 

IN THE several papers which I have published cn the subject 
of triphenylmethyl, some important features in regard to the be- 
havior of that substar:ce were brought out. 

(1) The extreme unsaturation of the compound, as evidenced 
by the action of atmospheric oxygen and of iodine upon it. 

(2) The unusual property possessed by that unsaturated hydro- 
carbon of entering into combination with different oxygen com- 
pounds, such as ethers, esters, etc. It appeared probable that 
these combinations represent compounds wherein the oxygen acts 
as being tetravalent. It might be added here that triphenylmethy] 
unites with equal readiness with nitriles. 

(3) Triphenylmethyl may be considered as a distinctly basic 
radical. This furnishes an explanation why triphenylchlor- 
methane, also the bromide and the iodide, are salts, as judged 
by their purely chemical behavior, as well as by the physico- 
chemical tests; these halides, dissolved in liquid sulphur dioxide, 
are true electrolytes. The same is true of the sulphate, as was 
found by Mr. L. H. Cone? in this laboratory. Even triphenyl- 


1 Gomberg : Ber. d. chem. Ges., 3§, 2403 (1902); Walden : /é1d., 35, 2018 (1902). 
2Mr. L. H. Cone, holder of a research assistantship to the Carnegie Institution, will 
publish his results in full later. 
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methyl itself possesses. in that solvent, a decided electrical con- 
ductivity, as has been recently shown by Walden.* 

(4) Under the influence of catalyzing agents, such as dilute 
hydrochloric acid in benzene, ether, or some other solvent, tri- 
phenylmethyl is readily condensed to hexaphenylethane.? 

It could hardly be expected that, whatever the constitution of 
triphenylmethyl, there should not be some other similar com- 
pounds capable of existence. The reaction which served for the 
preparation of triphenylmethyl was accordingly further studied, 
and an attempt has been made to apply it to compounds analogous 
to triphenylchlormethane. The following substances were sub- 
jected to this test: 

Para-ditolylphenylchlormethane, (CH,;.C,H,).(C,H,)C.Cl. 

Tritolylchlormethane, (CH,C,H,),C.Cl. 

Paratrinitrotriphenylchlormethane, (NO,.C,H,),C.CL. 

Paratrimethoxytriphenylchlormethane, (CH,O0.C,H,),C.Cl. 

In every case the initial stage of the reaction has been found 
to be the same as when triphenylchlormethane itself had been 
employed. A solution of the latter in benzene or in ether, when 
treated with zinc, silver, or mercury, assumes instantly a yellow 
color, which, as has been conclusively shown, is due to the forma- 
tion of triphenylmethyl. Now, when any one of the four above- 
mentioned derivatives of triphenylchlormethane is treated in the 
same manner, the reaction is strikingly similar to the one with 
triphenylchlormethane itself. The introduction of the metal into 
a solution of those substances is followed in every case by the 
instantaneous formation of a substance which imparts color to 
the solution. Moreover, just as the exposure to air in the case 
of triphenylmethyl brings about rapid oxidation of the hydro- 
carbon and the consequent decolorization of the yellow solution, 
so also in the case of the other four instances; exposure of the 
solutions to air destroys their color at once—due, no doubt, also 
to oxidation. 

But while in the case of triphenylmethyl the oxidation is com- 
paratively simple, and the resulting product, the peroxide, can be 
readily isolated, the oxidation by the atmospheric oxygen in the 
other instances is more complex. So far, I have succeeded in isola- 
ting the oxidation product pure enough for analysis only in one 


1 Ztschr. phys. Chem., 43, 443 (1903). 
2 Ber d. chem. Ges., 35, 3914 (1902) ; 36, 376 (1903). 
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other instance, namely, in the case of the unsaturated hydrocarbon 
from tritolylchlormethane. Indeed, although there can be but little 
doubt that the actioa of metals upon the different triphenylchlor- 
methane derivatives is probably the same in all instances, yet, in 
my experience, each case requires, for the successful course of 
the reaction, different experimental conditions. The nature of 
the metal, as weil as the nature of the solvent, is of considerable 
influence upon the progress of the reaction. The subject becomes 
more difficult still because some of the chlor-compounds, as, for 
instance, the trinitrotriphenylchlormethane, are only slightly solu- 
ble in the usual organic solvents, which necessitates the use of 
large volumes of liquids. 

The halides of triphenylchlormethane—the chloride, bromide, 
and iodide—are colorless in the solid state and also when dis- 
solved in solvents which possess no ionizing power. But when 
dissolved in liquid sulphur dioxide, which does possess this power 
to a large extent, these halides dissociate into ions, (C,H,),C* 
and Cl’, as was proved by the electrical conductivity of the solu- 
tions. Moreover, such dissociation is invariably accompanied by 
the formation of a yellow color in the solvent. It was suggested’ 
that the color was due to the ion (C,H.),C*. Since the free 
hydrocarbon, triphenylmethyl itself, while colorless in the solid 
state, on dissolving gives yellow solutions, it was inferred that 
the hydrocarbon exists in solution as ions (C,H,;),° and 
(C,H,;),C’.. The fact that triphenylmethyl, dissolved in liquid 
sulphur dioxide, shows very considerable electrical conductivity, 
argues, it seems to me, in favor of this view. There re- 
mains yet to account for the relation which exists between 
the two states of triphenylmethyl, the colorless solid and 
the yellow when in sclution. If, however, it be true that the color 
of the solution of triphenylmethyl is really due to the latter ex- 
isting in solution in the ionic state, then it must follow that a 
variation in complexity of the radical should also cause a 
variation in the color of the radical when the latter is in solution 
and hence in the ionic state. This is actually the case. Solutions 
of triphenylchlormethane acquire, on the addition of metals, a 
distinctly yellow color. The ditolylphenyl- and especially the 
tritolylchlormethane, when subjected to the similar treatment, give 
orange solutions with quite a perceptible tinge of red. Trinitro- 

1 Gomberg: Ber. d. chem. Ges., 3§, 2406 (1902). 
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triphenylchlormethane, even in .minute quantities, gives, on the 
addition of metals (silver), a beautiful greenish-blue solution 
which changes, on warming, first to a violet-red and finally to a 
genuine fuchsine-red. On cooling, the blue color is restored; on 
exposure to air the sclution is at once decolorized. 

I shall continue the study of this reaction and shall extend it 
to other derivatives of triphenylhalogenmethane. 


ANN ARBOR, MICH., 
September, 1903. 


[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE NORTH CARO- 
LINA DEPARTMENT OF AGRICULTURE. | 
AN EFFICIENT ASBESTOS OR GRAPHITE lMUFFLE. 


By J. M. PICKEL AND C. B. WILLIAMS. 
Received October 15, 1903. 


AT THAT point in the determination of potash in fertilizers, 
where ammonium salts and the excess of sulphuric acid are 
driven off, it was formerly the practice in this laboratory to ac- 
complish the volatilization by placing the platinum dish on the 
top of the glass chimney of an Argand gas-burner, such as is 
commonly used for illuminating purposes. To afford air-vent 
and gas escape, the dish rested on small wires (of iron) bent over 
the edge of the chimney. A battery of ten or twelve of these 
burners was aligned on the same gas-pipe. 

After excess of acid was evaporated and the ammonium salts 
more or less volatilized, the dishes were removed from the Argand 
burners to the blast-lamp, and there, at a red heat, the volatiliza- 
tion completed and the organic. matter destroyed. In hope of 
obviating the necessity of transferring the dishes to the blast, 
one of us (Pickel) introduced, during the winter of 1900, the 
foilowing modification : 

The chimneys were cut down to a length of about 4 cm., and 
the dishes brought into close proximity with the flame. The 
dishes were, moreover, enclosed in asbestos cups, in the bottom 
of which were cut round holes of such diameter as to fit snugly 
over the chimneys which were thus made to support the cups. 
An asbestos lid, having a vent hole of about 2 cm. diameter, covers 
each cup. Each platinum dish rested on a pipe-stem triangle, or 
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other suitable support placed on the bottom of the cup. It was 
found that the dish, thus muffled, could, after excess of acid had 
been driven off by a low flame, be easily brought to a red heat by 
merely turning up the flame: all ammonium salts could be vol- 
atilized completely, and organic matter destroyed, thereby ob- 
viating the use of a blast-lamp, except in rare cases. As the in- 
tense heat generated in the muffle softened, and, after a few 
days, distorted the glass support, it was, therefore, dispensed 
with, and a small asbestos cylinder, having in its side 2 narrow 
slot, or small, round hole through which to see and regulate the 
flame, substituted. 

The material used in making this little muffle was asbestos 
board of about 0.6 cm. thickness. After cutting the board to 
proper shape and size, it was saturated with water, and, while 
wet, formed into a cylinder by rolling it around a tin can, or 
bottle, or other suitable core, and left till dry. The bottom was 
then fitted in and the whole held securely together by wires 
bound around near the top and bottom. 


A battery of twelve of these little muffles was used through- 
out the greater part (two or three months) of a fertilizer season, 
and 500 or 600 potash determinations made with them. All 
incinerations of cottcn-seed meal, cotton-seed hulls and tobacco 
stems were made in them, the usual larger and cumbersome muffles 
for that purpose being entirely dispensed with. Slightly changed 
in form, the muffles are, of course, equally suitable for use with 
a Bunsen burner. They were thus found efficient for roasting 
small assays of sulphurous gold ores, the finely powdered ore being 
contained in an ordinary evaporating dish. 

Although the idea of these muffles—a separate muffle for each 
dish or crucible—grew out of the desire to facilitate the work 
of volatilization and incineration, it is not new. (The Erdmann 
furnace, which is figured and described in the chemical catalogues 
as a clay cylinder on a tripod over a Bunsen burner, involves the 
same idea.) 

The efficiency and convenience of these little muffles for in- 
cinerations, ash determinations, roastings and volatilizations, and 
the ease with which any one can make them for himself, should 
create for them a place in the laboratory. But for daily use, 
year in and year out, they are not sufficiently durable when made 
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of asbestos, as above described. One of us (Williams) sought to 
remedy this defect, first, by constructing the muffles of metal 
(copper) and covering them inside and out with asbestos. But 
these, although in other respects satisfactory, were lacking in 
durability; the metal oxidized rapidly, and the asbestos needed 
renewal every few mcenths. The material finally adopted (by him) 
was graphite, with a jacket of asbestos on the outside. This has 
proved altogether satisfactory. A battery of twelve of these 
graphite muffles, aligned on the samme gas-supply pipe, and each 
heated by an Argand gas-burner, has now been in daily use 
for about two years in our laboratory, and has entirely super- 
seded the usual form of muffle, for incinerations, ash determina- 
tions and the like. A point of special convenience with this 
piece of apparatus is that one or more, up to a dozen determina- 
tions may be made at one time, and that each is under separate 
control and regulation. The lids in use consist of an asbestos 
board, a plate of aluminum and a sheet of platinum riveted to- 
gether; the asbestos forms the top of the lid and the platinum 





the bottom, its object being cleanliness. But less-costly graphite 
covers answer quite as well. In the center of each lid is a vent- 
hole of about 3 cm. diameter. The muffles may be of any size. 
Ours have the following dimensions: The main body or re- 
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ceptacle, diameter (internal) and depth (internal), each 9.5 cm.; 
thickness of wall, 1 cm.; the small cylinder support, length, 3.5 
em. : diameter (adjusted to the size of burner in which it is to 
rest), in our case, 5.2 cm. outside, and 3.5 cm. inside. 

These muffles may, of course, be used with any common Bunsen 
burner by placing them on a tripod. 

The accompanyinz cut shows the parts of the battery of muffles : 

1 is the gas-supply pipe, 2.5 cm. in diameter ; 4 is a smaller pipe, 
provided with an air-hole and gas-cock, which feeds the Argand 
burner above; 2 shows the muffle in position and without asbestos 
covering ; at 3 is a small hole through which the gas is lighted, and 
through which the flame may be seen and regulated ; 5 gives an in- 
side view of the muffle ; 6’ shows the under part of a muffle; 7 shows 
the top side of a graphite lid, the central vent-hole of which is 
hidden by its handle; and 8 and 9g are top and bottom views of 
the asbestos-aluminum-platinum lids. 


REVIEW. 
RECENT WORK IN INORGANIC CHEMISTRY. 


By Jas. LEWIs HOWE. 


Few notable papers have appeared during the past year on 
theoretical inorganic chemistry. Perhaps the most important is 
one by Abegg’ on a new theory of valence. The author assumes 
the existence of two kinds of valence, with opposite polarity, in 
each atom. ‘These he calls normal valence and contra-valence. 
The sum of the valences of an atom is eight. Thus chlorine has 
a negative normal valence of one and a positive contra-valence 
of seven. Negative contra-valences are much weaker than posi- 
tive, since positive electrons are much more firmly attached to 
matter tHan the negative. The inert gases have a normal valence 
of zero and an (unexercised ) contra-valence of eight. In his paper, 
Abegg applies these conceptions to the so-called molecular com- 
pounds. 

In two papers,? Werner has developed his theory of primary 
and secondary valences with reference to the constitution of the 
ammonium and the oxonium compounds. lLocke* has again 
attacked the theory of electro-affinity of Abegg and Bodlander, 
and holds that while the electro-affinity of the elements bears a 
close and interesting relation to the properties of many salts, it 
does not furnish a rational principle for chemical classification. 

Erdmann claims* that the distinction enunciated by him in 

1 Vid. Skrift. I, 1902, No. 12. 

2 Ann. Chem. (Liebig), 322, 261, 296. 

3 Am. Chem. /., 28, 403. 

4 Zischr. anorg. Chem., 32, 404. 
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1892, between metals and non-metals, viz., that metals are those 
elements whose molecules consist of single atoms, while non- 
metals are those whose molecules contain several atoms, has been 
confirmed by all the more recent work along this line. On the 
other hand, Martin,’ reasoning from the fact that in the same 
group the metallic characteristics of an element increase with 
the atomic weight and that among the non-metals the metallic 
character increases with the temperature, draws the conclusion 
that the metallic and non-metallic conditions are merely phases 
which each element can assume. At higher temperatures non- 
metals become metallic, their electrical conductivity increasing 
rapidly; in the vicinity of absolute zero, metals become non-con- 
ducting metalloids. 

In the consideration of the periodic table, Brauner? suggests 
that the difficulty of accounting for the place of the rare earths 
will be minimized if we put them as a group in the place usually 
assigned to cerium. Thus, in this place we shall have Ce, etc., 
140-178, followed immediately in the next space by Ta 184. In 
this way the vacant ninth period of Mendeléeff’s table disappears. 
Brauner begins his table with Group 0, which is made up of the 
inert gases. 

The study of double salts continues to attract increasing atten- 
tion, though no satisfactory theory of their constitution has yet 
appeared. An important contribution to the chemistry of the 
double halides is the Habilitationsschrift of P. Pfeiffer. Follow- 
ing up the systematic treatment of the double chlorides by Werner, 
he takes up the bromides and iodides from the same standpoint, 
and after a theoretical discussion of these salts, he gives a syste- 
matic survey of the whole field, with references to the literature. 
In connection with his study of vanadium salts, in which many 
new double halide compounds have been prepared, Ephraim‘ dis- 
cusses these salts from a theoretical standpoint, holding that their 
constitution is largely dependent upon the atomic volume of the 
constituent elements. In particular, he formulates the law that 
the number of halogen alkali molecules which can unite to the 
halide of the heavy metal acting as a central nucleus, decreases 
with the increasing atomic weight of the positive metal. Gross- 
mann® denies that the facts accord with this law. In a number 
of cases, such as PbBr,,4CsBr, the highest value is reached with 
the cesium salt. Rubidium and ammonium salts often show a 
strong analogy which may be conditioned by the fact that they 
possess a similar atomic volume. Nor do the double cyanides, 
which are, according to Werner, of the same character as the 
halides, follow Ephraim’s law. Grossmann’s conclusion is that 


1 Chem, News, 86, 295. 

2 Ztschr. anorg. Chem., 32, 1. 

3 Partially republished in Zéschr. anorg. Chem., 31, 191. 
4 Ber. d. chem. Ges., 36, 1177. 

5 Jbid., 36, 1600. 
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no comprehensive rule can be, at present, laid down regarding 
the composition of double salts. The discussion is being con- 
tinued by Ephraim,’ who has also prepared a series of new anti- 
mony double salts, and by Grossmann,” while Pfeiffer® and Jordis* 
both fail to find an experimental foundation for Ephraim’s law. 
The probability is that there is a considerable sub-stratum of 
truth in the so-called law, but that it represents only a part of 
the truth. At all events, it is encouraging to find an increasing 
number of keen minds attacking this important problem of the 
double salts. Mention should be made, in this connection, of 
the interesting class of triple thiocyanates under investigation 
by Wells,> and the double periodates and manganese studied in 
the same laboratory by Price.® 

In an address before. the Fifth International Congress of Ap- 
plied Chemistry at Berlin, Moissan gave a review of his work 
on the metallic hydrides. The alkali and alkali-earth hydrides 
are definite crystalline compounds and have nothing of the nature 
of hydrogen alloys. They are strong reducing agents, decom- 
posing water with the evolution of hydrogen, forming formates 
with carbon dioxide and hydrosulphites with sulphur dioxide. 
With acetylene they form double compounds, of which K,C,,H,C, 
is a type; on heating the latter, acetylene is evolved and the 
metallic carbide left. 

A new preparation of nitrides has been discovered by Guntz.’ 
When lithium nitride acts upon metallic chlorides, much heat 
is evolved and the corresponding nitride formed. This appears 
to be a method of general application. Lithium hydride seems to 
give a similar reaction, but it is so violent that it has not yet been 
possible to isolate the hydride, which is formed. 

Moissan continues to enlarge our knowledge of the silicides. 
While it has been found very difficult to prepare the potassium 
and sogium silicides corresponding to silicon-ethane, Si,H,, the 
lithium compound, Li,Si,, is prepared by direct union of the 
elements in a vacuum. It is naturally a very active substance, 
decomposing water and acids generally with evolution of hydro- 
gen, but when very concentrated hydrochloric acid is used the 
silicon-ethane is obtained, which is collected as a liquid by the 
use of liquid air. Moissan has also prepared two silicides of 
vanadium, V,Si and VSi,. Lebeau has studied the silicides of 
cobalt, manganese and chromium. In the case of the last two 
metals, he has investigated, from a physical standpoint, the equi- 

1 Ber. d. chem. Ges., 36, 1815, 1912. 

2 Jbid., 36, 2499. 

8 Jbid , 36, 2519. 

4 Jbid., 36, 2539. 

5 Am. Chem. /., 28, 245; 29, 4743 30, 184. 

6 Jbid., 30, 182. 

7 Compt. Rend., 135, 738. 

8 Jbid., 134, 1083, 1549; 135, 1284. 











REVIEW. 1283 


librium which exists between copper, silicon and manganese, and 
copper, silicon and chromium. This has enabled him to prepare 
several new silicides.* 

Muthmann and Kraft? have prepared th. hydrides and nitrides 
of cerium and lanthanum by burning the metals in hydrogen or 
nitrogen. In hydrogen, cerium ignites at 250°, while in pure 
oxygen its kindling temperature is little above 150°. In nitrogen, 
cerium does not ignite until 850° is reached. The kindling tem- 
perature of lanthanum is, in each case, somewhat higher than that 
of cerium. The hydrides and nitrides of these metals are stable in 
dry air, but are quickly decomposed by water or in the presence of 
moisture. 

Several articles have appeared from the laboratory at Odessa, 
continuing the work of Pissarjewski on the compounds of in- 
organic salts and acids with hydrogen peroxide. The carbonates, 
arsenates, tungstates, uranates, vanadates, and the rare earths 
are included in this list. There is a very decided question as to 
whether many of these compounds are to be considered as true 
peroxides, or whether some of them, which have been designated 
as pseudo-peroxides, should not rather be considered as com- 
pounds in which the hydrogen peroxide is present in the form of 
a so-called peroxide of crystallization. This is discussed by 
Tanatar in a recent paper,’ and by Willstatter.* A new class of 
peruranates has also been described by Alloy,® having the formula 
M,UO,. Ina lecture at the meeting of the Verein of the German 
chemists at Diisseldorff, Staedel illustrated the preparation of pure 
hydrogen peroxide. A 95 per cent. solution was solidified by 
the ether-carbon dioxide mixture. When, to a new portion of 
the 95 per cent. solution, at a temperature of —10°, a little of the 
solid is added, crystals of pure hydrogen peroxide begin to form. 
On recrystallization, these consist of 100 per cent. hydrogen per- 
oxide, and this is suggested as the safest method of preparing 
the anhydrous compound. The crystals are fairly stable, but are 
exploded at once by contact with platinum black or pyrolusite. 
With the monohydrate of sulphuric acid, ozone is at once formed. 
Some interesting notes on ozone are contributed to the Berichte 
(35, 2902) by Arnold and Mentzel. Tetramethyl-p-p’-diamino- 
diphenylmethane (tetra-base for short) is proposed as the best 
reagent for gaseous ozone, to differentiate it in the presence of 
other gases which have action upon starch-iodide paper. Ursol D, 
which had been suggested by Chlopin for a similar purpose, is 
shown to be useless, as its supposed characteristic reaction is 
caused by the impurities present and not by ozone. 

1 Compt. Rend., 136, 231, 1329. 

2 Ann. Chem. (Liebig), 325, 261. 

% Ber. d. chem. Ges., 36, 1893. 


4 Jbid., 36, 1828. 
5 Bull. Soc. Chim. (3), 29, 292. 
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Dudley’ has studied the action of sodium peroxide on several 
more metals. With nickel, Ni,O,,2H,O is formed, which loses 
water at 240°. It is unlike Daubigny’s Ni,O, in its properties. 
Iron gives Fe,O,,H,O in tabular, magnetic crystals. Gold is 
rapidly attacked, but the oxide formed is immediately decom- 
posed, giving spongy gold. Silver is also rapidly acted upon with 
the formation of gray crystals, which seem to be a lower oxide. 
Spongy platinum burns with the peroxide like tinder, giving, 
after washing, Pt.O,,2H,O. On heating, the sesquioxide is left, 
which is a new oxide of platinum. 

Moissan has continued his studies on fluorine, examining, in 
conjunction with Dewar, the action of the element at low tem- 
peratures. The melting-point of solid fluorine was found to 
be — 223°. The solid fluorine reacted with liquid hydrogen at 
— 252.5° (20.5° absolute) with explosive violence. At — 187°, 
the reactions of various compounds and elements with liquid 
fluorine are hardly less violent than at higher temperatures, its 
affinity being little in abeyance even at this low temperature. 
Iodine pentafluoride has been prepared by Moissan* and proves ' 
to be so stable that it can be distilled in hydrogen without de- 
composition. 

Starting from the fact that chlorine is liberated from hydro- 
chloric acid by Caro’s reagent, Wedekind* has attempted the use 
of the analogous reaction for the preparation of fluorine. Caro’s 
reagent, however, had no action upon hydrofluoric acid, neither 
fluorine being evolved directly, nor any trace of ozone, which 
might indicate that it had been temporarily formed. 

By using a modification of the Goldschmidt process, the mag- 
nesium, aluminum, and oxides being taken in such proportions as 
to give the composition of the natural matrix of the diamond, von 
Hasslinger® has succeeded in converting finely divided graphite 
into clear, octahedral diamonds of 0.5 mm. diameter. The inter- 
esting point about this synthesis is that the diamonds are formed 
by slow cooling in the absence of any considerable pressure. 

A new variety of phosphorus has been prepared by Schenck,® 
by heating white phosphorus to boiling in PBr., for ten hours. 
It is light red, resembling, in appearance, the ordinary red modifi- 
cation, and, like it, being physiologically inert, but, on the other 
hand, it is very active chemically, often more so than white phos- 
phorus. 

For the preparation of phosphine, Bodroux’ uses a crude 
aluminum or magnesium phosphide, made by igniting a mixture 

1 Am, Chem. /., 28, 59. 

2 Compt. Rend., 136, 641, 785. 

8 Jbid., 135, 563. 

4 Ber. d. chem. Ges., 3§, 2267. 

5 Monatsh. Chem., 23, 817. 


6 Ber. d. chem, Ges.. 30, 9°9. 
7 Bull. Soc. Chim. (3), 27, 568. 
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of 2 parts aluminum (or magnesium) and I part red phosphorus. 
The resulting mass gives off pure phosphine slowly on treatment 
with cold water, and more rapidly when the water is warm. 
Above 50° the phosphine is contaminated with hydrogen, as is 
the case when acids are used. 


Stock and Hoffmann,’ by the action of ammonia on phosphorus 
pentasulphide, have prepared a series of amino- and imino-thio- 
phosphoric acids, and by the successive elimination of ammonia 
and hydrogen sulphide obtain at last phosphorus nitride, P,N,. 
This interesting compound proves to be a white, insoluble, odor- 
less and tasteless body, stable up to a low red heat. Although 
outside of the strict range of inorganic chemistry, it should be 
noted here that Michaelis and his pupils have developed much 
further the organic compounds containing both phosphorus and 
nitrogen, forming several hundred compounds.’ 


The metaphosphates have been subjected to a somewhat ex- 
tended investigation by Warschauer,’ who finds that Fleitmann’s 
dimetaphosphate is in reality a tetrametaphosphate. This result 
is confirmed both by the Ostwald-Walden valence law, and by 
the transference number of the sodium salt. When lead oxide 
is heated with phosphoric acid, if the temperature is kept below 
400°, the tetrametaphosphate is formed, while above that tem- 
perature a different modification, Fleitmann’s ‘tetrametaphos- 
phate,’ appears, which is, in all probability, the hexametaphos- 
phate. He also finds that the solutions of the hexametaphosphate 
decompose directly into the orthophosphate, but a small amount 
of the pyrophosphate is formed at the same time. 


Erdmann and Unruh‘ have made a study of the yellow modifi- 
cation of arsenic, first described by Linck in 1899. It is prepared 
by the rapid cooling of arsenic vapor, and must be immediately 
dissolved in carbon bisulphide or benzene to prevent its almost 
instant conversion into the ordinary metallic arsenic. Erdmann 
prepared a large quantity by collecting the vapor directly in car- 
bon bisulphide. It may be obtained in solid form by cooling a 
saturated solution to— 70°, but is exceedingly unstable. By the 
gradual action of light on the solution, a new red-brown modifi- 
cation of arsenic is obtained. The molecular weight of the vellow 
modification corresponds to the molecule As,. From the fact 
that vitreous arsenious oxide is formed by rapid cooling, Erd- 
mann concludes that it contains a ring of four arsenic atoms, and 
he has succeeded in obtaining a small quantity of vellow arsenic 
by the reduction of this form of the oxide. 


1 Ber. d. chem. Ges., 36, 314. 

2 Ann. Chem. (Liebig), 326, 129, 171, 220. 
3 Zischr. anorg. Chem., 36, 137. 

4 [bid., 32, 437. 
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The pentachloride of arsenic has been obtained by Baskerville 
and Bennett’? by the action of chlorine on the trichloride at very 
low temperatures. 


Our knowledge of the halide double salts of quinquivalent an- 
timony has been very materially enlarged by Weinland and Feige,” 
who have prepared a series of double chloro- and bromo-anti- 
monates. Most of these are derived from metachloro-antimonic 
acid, HSbCl,, and the corresponding bromo-acid. A second salt 
of quadrivalent antimony, Rb,SbBr,, was also found. 

After a study of sundry alloys of antimony, Stock and Doht® 
find that the alloy of antimony with 2 parts magnesium is best 
suited for the preparation of stibine. This alloy is treated with 
hydrochloric acid, the gas is carefully dried and condensed by the 
use of liquid air. The fusing-point of stibine is —88°, its boiling- 
point —17°. When pure, it is fairly stable for a few hours, but 
is immediately decomposed at 150°. 


By an examination of the composition of the vapor of a mix- 
ture of S,Cl, and chlorine, Ruff* finds that the supposed com- 
pound SCl, has no existence. The same is true of SBr, and 
SBr,,° while Boulouch® has, by the use of the dilatometer, proved 
that none of the supposed compounds of sulphur and iodine have 
any claim to recognition. Russel and Smith’ have failed to find 
any evidence for the existence of Deninger’s carbon monosul- 
phide, but Thomsen later shows that it is really formed by the 
action of hot copper upon a mixture of carbon bisulphide and 
nitrogen, but it has not proved possible to isolate it.® 


Contrary to the views of Ringer and Muthmann, that the sup- 
posed compounds of sulphur and selenium are isomorphous mix- 
tures of the elements, Rathke® considers that in this mixture there 
are present not less than two distinct compounds of sulphur and 
selenium. He suggests that it is possible that in the sulphur 
molecule, S,, a larger or smaller number of the sulphur atoms 
may be replaced by selenium. Rathke also considers that the 
characteristic decayed horseradish odor, when selenium is heated 
on charcoal, is due to carbon selenide, which, even in the most 
extreme dilution, has the same odor. 


In his Habilitationsschrift (Breslau, 1903), Meyer shows that 
P,Se, and P,Se, are to be looked upon as distinct chemical com- 
pounds, but that P,Se and P,Se do not exist. 

1 This Journal, 24, 1070. 

2 Ber. d. chem. Ges., 36, 244. 

8 Jbid., 35, 2207. 

4 Tbid., 36, 418. 

5 Jbid., 36, 2437. 

6 Compt. Rend., 136, 1551. 

7 Proc. Chem. Soc., 18, 197. 

8 Zischr. anorg. Chem., 34, 187. 

9 Ber. d. chem. Ges., 36, 594. 
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Several interesting classes of double salts of selenates with 
iodates, phosphates and arsenates have been prepared by Wein- 
land and Barttlingck.1_ The complex iodates are of the formulas 


I,0,,2SeO,,2R,0,H,O 


31,0,,2Se0,,2R,0,5H,O; 
the phosphates and arsenates follow the types 
P,O,(As,O,),2SeO,,2R,0,3H,O 


P,O,(As,O,),5SeO;,3.5K,0,5.5H,O. 
All these salts crystallize well. 

Some considerable work has been done along the line of im- 
provements in the electrolytic preparation of calcium. Borchers ° 
and Stockem? use fused calcium chloride as the electrolyte, start- 
ing the current through a thin carbon rod. Their calcium is 
spongy, but may be pretty thoroughly freed from calcium chlo- 
ride by squeezing when fused. They prepare strontium by the 
same method, and find it is as soft as lead. Arndt® modifies this 
method by using the electric arc, and obtains a calcium 99 per 
cent. pure. Ruff and Plato* discuss the subject very fully, and 
describe their process for producing the metal, either on a small 
or on a large scale. The most important point in their process 
is the use of a mixture of calcium salts as an electrolyte. The 
best mixture they find to be about 1 part of fluor-spar to 6 of 
calcium chloride. Their calcium is pure white, somewhat harder 
than lead. 

Goodwin and Smith® describe an apparatus for the preparation 
of calcium by the electrolysis of calcium chloride. 

The difficulties attending the electrolytic preparation of barium 
are shown by Guntz® to be due to the formation of a ‘basic’ chlo- 
ride, BaCl, which he has prepared in a pure state. This chloride 
forms double salts with the alkali chlorides, which are also formed 
when barium chloride is heated with metallic sodium or potassium. 

Attention is called by Granger’ to the fact that at 600° alumi- 
num becomes granular and exceedingly brittle. At a somewhat 
higher temperature it is very soft as well as granular, and is 
easily pulverized in small quantities. In the Comptes Rendus 
(135, 791), Verneuil discusses, at some length, the conditions 
necessary for the production of artificial rubies. It appears, 
among other conditions, that the temperature must be but little 
above the point of fusion of alumina, else the melted mass will 

1 Ber. d. chem. Ges., 36, 1397. 

2 Zischr. Elektrochem., 8, 757. 

8 [bid., 8, 861. 

4 Ber. d. chem. Ges., 35, 3612. 

5 This Journal, 25, 873. 

6 Compt. Rend., 136, 749; Bull. Soc. Chim. (3), 29, 490. 

7 Bull. Soc. Chim. (3), 27, 789. 
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become opaque on cocling. In less than two hours, Verneuil pre- 
pared a ruby of nearly 3 grams weight, which could not be dis- 
tinguished from the natural stone. The utmost accuracy in con- 
forming to the necessary conditions is demanded to attain such a 
result. 

During the past year a considerable amount of work has been 
done upon thallium. Especially has there been an effort to ob- 
tain thallium alums, in which thallium is the trivalent metal. 
Numbers of double sulphates have been obtained by Marshall,’ 
and Meyer and Goldschmidt,? but in no case an alum. The nearest 
approach to a solution of the problem is by Piccini and Fortini,* 
who have prepared mixed crystals of ammonium alum in which 
a portion of the aluminum is replaced by thallium. They have 
not succeeded, however, in preparing the pure thallium alum. 
The thallium oxalates have also interested Meyer and Gold- 
schmidt,* as well as Rabe and Steinmetz,® particularly in the 
effort to form complex thallium salts. While their efforts in 
this direction were not attended with success, numerous new, 
double oxalates were discovered. Meyer and Goldschmidt also 
prepared double salts of thallic acetate and of thallic nitrate, both 
rather rare classes of salts. 

Investigations upon the rare earths have not been neglected 
during the past year, though few new ideas have been brought 
out. Drossbach® splits didymium into its components by the use 
of a concentrated potash solution, and the recrystallization of the 
double magnesium nitrate. From a potash solution containing 
cerium, lanthanum and didymium, he precipitates pure cerium 
quantitatively by a current of chlorine. Meyer and Koss’ have 
studied the iodimetry of cerium dioxide and the didymium oxides, 
perfecting a method for the estimation of the former. Following 
up his work upon the preparation of the anhydrous chlorides of 
neo- and praseodymium, Martignon® has studied the effect of heat 
upon the chlorides of samarium, yttrium and ytterbium in a cur- 
rent of dry hydrogen chloride. SmCl,,6H,O loses 5 molecules of 
water at 110° and the last at 150°. Anhydrous samarium chlo- 
ride is a yellow powder darkening with heat and fusing to a 
dark brown liquid at about 1000°, but regaining its original color 
on cooling. It is very deliquescent and evolves much heat on 
solution in water. The anhydrous chlorides of yttrium and ytter- 
bium are very similar to that of samarium. 

1 Proc. Roy. Soc. (Edin.) 24, iii, 305. 

2 Ber. d. chem Ges., 36, 238. 

3 Zischr. anorg. Chem., 31, 451. 

* Loc. cit. 

5 Ber. d. chem. Ges., 35, 4447. 

6 Jbid., 35, 2826. 


1 Ibid., 35, 3740. 
8 Compt. Rend., 134, 1308. 
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Starting with a mixture of the yellow oxides obtained in the 
preparation of didymium from monazite by the chromic acid 
method and fractioning with ammonia and then with oxalic acid, 
Marc,’ while failing to isolate terbia, has thrown light upon the 
subject. He concludes that the so-called terbia is a mixture of 
yttria and another heavier earth, probably ytterbia, colored with 
a small amount of the real terbia. erbium has two oxides, the 
lower white and the higher colored. It probably has an absorp- 
tion spectrum in which the principal band is A = 464-461. Its 
atomic weight should be about 157. Cleve’s thulia he considers 
to be an yttria-ytterbia mixture with a little holmia and terbia, 
and Cleve’s decipia a gadolina-yttria mixture colored with pra- 
seodymia. Cleve has separated out a very pure ytterbia and de- 
scribed a long list of its salts.2 Ytterbium is always trivalent 
and resembles most closely yttrium and erbium. Rosenheim® has 
described a large number of new thorium salts, some of them 
with organic acids. He also finds thorium chloride to form com- 
pounds with many organic oxygen compounds such as alcohol, 
aldehyde, acetone, and benzaldehyde. 

According to Elba, by the electrolysis of hydrochloric acid with 
a lead anode PbCl, is formed, but with two anodes, one of lead 
and one of carbon, the PbCl, formed is oxidized by the chlorine 
at the carbon anode to PbCl,. The double chloroplumbates can 
be prepared in this way, and the slightly soluble quinoline salt 
can be used to determine the production of the tetrachloride quan- 
titatively.* Seyewetz and Trawitz®> prepare the ammonium 
chloroplumbate by adding a moist lead dioxide in small portions 
to an excess of concentrated hydrochloric acid at 0°, and also® 
by the action of ammonium persulphate on lead dichloride. The 
chloroplumbate is used by them as a very effective agent for 
chlorination in organic chemistry. 

Titanium trichloride and other compounds of trivalent titanium 
have been found by Knecht? to be excellent reducing agents, far 
more powerful than stannous chloride. Among other instances, 
nitro compounds are instantly reduced to amines. 

By electrolytic reduction Piccini and Marino® have prepared 
a number of salts of bivalent vanadium. The sulphates belong 
to the ferrous-iron type, crystallizing alone with 7 molecules of 
water, and as alkali double salts with 6 molecules. Isomorphous, 
crystal mixtures were formed of vanadium-magnesium, and of 
vanadium-ferrous sulphates. Quadrivalent vanadium is being 

1 Ber. d. chem. Ges., 35, 2382. 

2 Ztschr. anorg. Chem., 32, 129. 

3 Jbid., 35, 424. 

* Ztschr. Elektrochem., 8, 512. 

5 Bull. Soc. Chim. (3), 29, 455. 

6 Compt. Rend., 136, 686. 

7 Ber. d. chem. Ges., 36, 166 

8 Ztschr. anorg. Chem., 32, 35 
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investigated by Koppel and Behrendt.’ In their first communica- 
tion they described a series of simple and double vanadyl sul- 
phates, and another of sulphites. 

An extended investigation of chromium salts has been begun 
by Wyrouboff,? with especial reference to the constitution of the 
violet and green modifications. He considers that the violet salts 
always contain the group Cr,(OH),, to which the acid is added. 
Thus the hydrated violet sulphate has the formula 

Cr,(OH),,3H,SO,,10H,O, 
while the anhydrous form is 


Cr,(OH),,3H,SO,. 
On the other hand, the green salts contain the radical 
Cr,(OH),(OH),, 
in which two hydroxyls are acid and four basic. Thus we have 
the green salts 
Cr,(OH),(OH),,2H,SO, 


and 
Cr,(OH),,2KOH,(OH),. 
The formation from the violet salt is not merely a loss of water, 
but often a loss of acid. The chromosulphuric acids exist in several 
modifications, the first member of the series having the formula 
[Cr,O(OH),(OH),(SO,),]O(OH),(OH)., 
the last two hydroxyls being acid in their nature. Wyrouboff 
holds that many of the seemingly simple inorganic compounds 
are in reality very complex and must be likened in their con- 
stitution to the compounds of organic chemistry. By the action 
of hot concentrated hydrochloric acid, Recoura® finds that chro- 
mium sulphate is converted into a chlorosulphate, 
CrSO,C1,6H,O, 
in which the chlorine is not immediately precipitable by silver 
nitrate, while the sulphate group is immediately precipitated by 
barium chloride. On heating this compound to 85°, it gradually 
loses 1 molecule of water, the sulphate group is no longer affected 
by the barium chloride, and its aqueous solution is a non-elec- 
trolyte. Aluminum forms a similar chlorosulphate, but iron does 
not. 

The question of the existence of bichromates of any metals 
except those of the alkalies has been settled by Autenrieth,* who 
prepares silver bichromate, Ag,Cr,O,, by double decomposition 
in the presence of nitric acid, and also by the action of silver 
nitrate on chromium trioxide. Barium bichromate was also ob- 
tained, but not lead bichromate. He further clears up the reac- 


1 Ztschr.. anorg. Chem., 35, 154. 
2 Bull. Soc. Chim. (3), 27, 666, 719. 
3 Compt. Rend., 135, 163. 

4 Ber. d. chem. Ges., 35, 2057. 








ne ee Hoe ae Ties 


Co) heed 


sm + KF «4 





a 


il 


Is 
1- 
on 
)- 





REVIEW. 1291 


tion for the preparation of chromy] chloride, by finding that while 
a 20 per cent. hydrochloric acid gives, with chromium trioxide, 
only chlorine, if the acid is 35 per cent. to 40 per cent. strong, a 
large amount of the chromyl chloride is obtained. A double 
chromate has been at last prepared by Briggs,’ who, by the action 
of ammonium chromate on nickel sulphate, has obtained the am- 
monium nickel sulphate 
(NH,).Ni(SO,).,6H,O. 

The pure potassium salt was not made, but an isomorphous mix- 
ture of the potassium- nickel sulphate and chromate was obtained. 

Doering* has made an extended study of a chromium, 97 per 
cent. to 98 per cent. pure, prepared by the Goldschmidt process. 
The metal is rapidly dissolved by hydrochloric acid, CrCl, being 
first formed, but the whole being eventually converted into CrCl,. 
Since in a hydrogen atmosphere the bichloride is rapidly con- 
verted into the trichloride only in the presence of catalytic agents, 
such must be present in this solution of chromium. This agent 
was found to be Geuther’s oxide of silicon, $i,H,O,, formed from 
the silicon present as an impurity in the chromium. The fusing- 
point of a similar chromium, 99 per cent. pure, was found by 
Lewis*® to be 1515°. 

Several pieces of valuable work on tungstates have been carried 
out in the laboratory of the University of Pennsylvania under the 
direction of Dr. Edgar F. Smith, and published in this Journal.* 
The so-called para- and metatungstates have been investigated 
by Taylor, who finds all the known ammonium salts to have a 
complex formula. He assumes that in all these salts the group 
2NH,OH,4W0O, is present as a nucleus, the side chains contain- 
ing varying proportions of NH,OH,WO, and H,O. A 
new class of complex tungstates, containing vanadium and phos- 
phorus, or arsenic, in different stages of oxidation, has been de- 
scribed by Smith and Exner, and further developed by Rogers. 

13(NH,),0,2P,0,,8V,0;,34WO,,86H,O 
may be cited as an example of one of these salts. Friedheim and 
Henderson® have described a somewhat similar class of tungstates 
containing vanadic and silicic acids. 

Interest in the subject of colloids has greatly increased among 
chemists since Bredig’s work upon colloidal platinum and several 
new methods of preparing metallic and other colloids have been 
recently described. By means of hydrazine hydrate, hydroxyl- 
amine hydrochloride, or hypophosphorous acid, Gutbier® obtains 
hydrosols of gold, silver, platinum, mercury, and copper, as well 

1 J. Chem. Soc., 83, 401. 

2 J. prakt. Chem, (2), 66, 65. 

3 Chem. News, 86, 13. 

+ This Journal, 24, 573, 629 ; 25, 298. 

5 Ber.d chem. Ges., 35, 3242. 

6 Ztschr. anorg. Chem., 31, 448 ; 32, 292, 347. 
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as of selenium and tellurium. The gold hydrosol prepared by 
the action of hydrazine on a dilute neutral solution of gold chlo- 
ride, is blue and resembles that obtained by Bredig electrolytically. 
It is very stable in the cold, but on warming is immediately con- 
verted into the hydrogel. Gutbier also obtains hydrosols of 
tellurium disulphide and trisulphide, and of selenium disulphide. 
Kuespert uses formaldehyde as his reducing agent’ in the pres- 
ence of water-glass. He prepares a hydrosol of copper acetylide 
by adding a trace of copper and ammonia to water, which has 
been shaken up with acetylene. Henrich’s reducing agents? are 
the photographic developers, of which he finds pyrogallol the best 
for the production of colloidal metals. By varying his solvents, 
he gets organosols of gold with ether, acetone, and alcohol. He 
calls attention to the fact that in the electric current the metal 
of a hydrosol moves toward the positive pole. While the method 
of Bredig failed to give colloidal mercury, this has been prepared 
electrolytically by Billitzer* by the electrolysis of a very dilute solu- 
tion of mercurous nitrate with a current of 220 volts at 0.2 to 0.3 
amperes. An interesting colloid of silver (and mercury) oxide, 
under the name of collargol, is prepared by Paal* by adding 
caustic soda to a solution of silver nitrate and sodium protalbinate, 
or lysalbinate. On warming the solution, colloidal silver is 
formed, and colloidal gold may be prepared in a similar way. 
Within the past few months there has been some little discussion 
as to whether or not the silver in collargol is in chemical com- 
bination. The colloidal hydroxides have been studied by Biltz,® 
who prepares them by the dialysis through parchment paper of 
a dilute solution of the nitrates, the reaction being hydrolytic. 
Nitrates are chosen from the fact of their lesser influence in 
promoting the formation of a hydrogel, since some of the acid 
remains present after dialysis, in the form of a basic nitrate. 
By a similar method, Melikoff* obtains from potassium per- 
columbate, colloidal percolumbic acid, from which oxygen is 
evolved on standing, or more rapidly by the addition of concen- 
trated sulphuric acid. This indicates that percolumbic acid is not 
to be looked upon as a compound of hydrogen peroxide. 

But little work has been done upon the inert gases of the 
atmosphere. By working on a large mass of air (191.1 kg.), 
Ramsay’ has studied more completely krypton and xenon, the 
boiling-points of which are respectively — 151.7° and — 109.1°. 
The amount of krypton in the atmosphere is estimated as I 
volume in 20,000,000, and that of xenon as 1 volume in 

1 Ztschr. anorg. Chem., 34, 453; Ber. d. chem. Ges., 35, 2815, 4066. 

2 Ber. d. chem. Ges., 36, 609. 

8 Jbid., 35, 1929. 

4 Jbid., 35, 2206, 2219, 2224. 

5 Jbid., 35, 4431. 


6 J. Russ. Phys.-Chem. Soc., 35, 457- 
7 Chem, News, 87, 159. 








REVIEw. 1293 


170,000,000. By a comparison of the spectra, Liveing’ concludes 
that the presence of the inert gases in the sun is exceedingly 
probable. The spectra of these gases have been more thoroughly 
studied by Baly,? and from the spectra of krypton and xenon 
it seems probable that some unknown element of higher atomic 
weight is present. 

That subject which has attracted more attention than any other 
during the past year has, undoubtedly, been radio-activity. 
Even a brief outline of the work done would require much space, 
and there may be a question as to how far this subject belongs 
to chemistry. Two points of interest may, however, be noted. 
It was recently currently reported that Huggins had found the 
spectrum of radium to be, in part, identical with that of helium, 
but this has since proved to be a mistake. It appears, however, 
that Ramsay has actually obtained helium in the emanations from 
radium. It also seems, from the most recent reports, that Curie 
finds the energy of radium to be given off more actively at ex- 
tremely low temperatures than at higher. 

Some little has been done upon the metal-ammonias and metal- 
ammonium bases. Barium-ammonia has been carefully investi- 
gated by Guntz and Mentrel.* At temperatures not above 28°, 
barium unites directly with ammonia, forming the compound 
Ba(NH,),. Below — 23° this compound is stable, but above 
that begins to decompose, forming barium amide, Ba(NH,)., 
which is also formed by the action of ammonia on barium at 280°. 
At 650° the amide is decomposed into barium nitride, Ba,N,. 
The action is reversible, and below 680° barium nitride unites 
with ammonium to form the amide. It is worthy of note that by 
the action of carbon monoxide upon barium-ammonia, barium 
carbonyl, Ba(CO),, is formed, a yellow body, fairly stable, but 
decomposing in the air or moisture. Sodium and lithium form 
compounds much similar to those of barium. The cesium and 
rubidium-ammonia have been prepared by Moissan,* and have 
the formula CsNH, and RbNH,. 

The copper-ammonium bases have been the subject of con- 
tinued investigation by Bouzat.5 He suggests for the constitutiva 
of the three cupri-ammonium bases the following: 

Cu( NH, ).,2HC1; 
Cu(NH,NH,),,2HC1; 
and 
Cu(N(NH,),),2HCI, 
formulae which seem rather a step backward toward the old 
Blomstrand theory. Several of the metal-ammonium bases have 
been studied from the standpoint of physical chemistry by Euler* 

1 Proc. Cambr. Phil. Soc., 12, 11, 87. 

2 Proc. Roy. Soc., 72, 84. 

% Bull. Soc. Chim. (3) 29, 585. 

4 Compt. Rend.. 136, 1177. 


5 Ann. chim. phys. (7). 26, 479 ; 29, 305. 
6 Ber. d. clem, Ges., 36, 1854. 
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and Bonsdorff.1 The complex cathions are all strong bases, 
Ag(NH,). being comparable with the alkalies, its hydroxide 
being more strongly dissociated than barium hydroxide. The 
cadmium cathion is Cd(NH,),, and that of zinc Zn(NH;),. 
In this connection it may be noted that Bonsdorff obtained 
argento-cyanic acid, HAg(CN),, by solution of silver cyanide 
in HCN and it proves to be a very strongly dissociated acid. 
Apropos of the Werner hypothesis, Kremann? has described an 
interesting experiment in which the colored complex ions of the 
luteo-, purpureo- and praseo-cobalt bases migrate to the cathode, 
while the colored ions of potassium diamino-cobaltonitrite migrate 
to the anode, as is demanded by the theory. Werner and Gos- 
lings* discuss the carbonato-cobalt amines, showing that the CO, 
group can enter the co-ordinated nucleus of a molecule, occupying 
a single co-ordinated position. They, however, seem to assume 
that it is linked by one unit of combining power to one of the 
ammonium groups. Several new carbonato-pentamine salts are 
described by them. 


There appears to be a renewed interest of late in those fields 
which lie in both inorganic and organic chemistry, the organic 
compounds of inorganic elements. Wyrouboff* has examined the 
didymium and double glucinum oxalates; Guerbet,®> the lactates 
of mercury; Buroni,® the mercurous and halo-mercurous salicyl- 
ates; Biilmann,’ the mercury salts of many other organic acids; 
Howe and Smiley.* chrom-malonic acid and some of its salts; 
Pictet,® acetyl-nitric and acetyl-chromic acids, as well as*® boro- 
acetates, boro-butyric acid, etc.; and Pope and Peachy," halo- 
derivatives of stanni-methane. 


In conclusion may be noticed a paper read by Dewar before 
the Royal Society,” giving the density and the coéfficient of ex- 
pansion of ice, carbon dioxide, hydrated salts, and many other 
compounds, at low temepratures, generally at about — 188°. The 
interesting point is brought out that the density of ice never 
becomes as great as the least density of liquid water, or, as ex- 
pressed by Dewar, the ice molecules can never approach so near 
each other by thermic contraction as are the molecules of liquid 


water. 
1 Ber. d. chem. Ges., 36, 2322. 
2 Zischr. anorg. Chem., 33, 87. 
8 Ber. d. chem. Ges., 36, 2378. 
4 Bull. Soc. Franc. Min., 2§, 66, 71. 
5 J. Pharm. Chim. (6), 16, 5. 
6 Gazz. chim. ttal., 32, II, 305. 
1 Ber. d. chem. Ges., 35, 2571. 
8 This Journal, 25, 444. 
9 Arch. Sci. Geneve, 1§, 589; Ber. d. chem. Ges., 35, 2526 ; 36, 2215. 
10 Ber, d. chem. Ges., 36, 2219. 
ll Proc. Roy. Soc., 72, 7. 
12 Chem. News, 8§, 277, 289. 











1S 


‘uv 


(RP 8P teh VM w 


wm ob C2 w 


~ 


)- 


ii 
1e 
iy 


ir 





NOTE. 


Further Facts Regarding “Ureine.’—The September number 
of the Journal (Review of American Chemical Research, p. 396) 
gives an abstract of the latest repetition of the “ureine” fallacy, 
this time published in Le Physiologiste Russe. 

About three years ago, Dr. William Ovid Moor began his series 
of communications on “The Discovery of Ureine, the Principal 
Organic Constituent of Urine and the True Cause of Uraemia.”* 
The announcement of the alleged discovery was made in such 
extravagant terms that it was next to impossible to have any 
faith in the results and conclusions Dr. Moor brought forward. 
Thus, “ureine” was szid to be the “mest characteristic component 
part of urine,” existing in “a quantity superior to urea.” 
“Ureine belongs to the group of alcohols of the aromatic 
series,’ wrote Dr. Moor; in another part of the paper it was re- 
ferred to as “a ferment” with “a potential energy of at least 
130° C.,” “being the principal cause of the ammoniacal fermenta- 
tion of urine, as without its presence urea cannot be decomposed 
into ammonia and carbon dioxide.” “Without ureine,” it was 
further stated, “all c1ganic matter would become converted into 
urea, which would remain in nature without any use, and thus, 
within a limited period of time, all vegetation and animal as well 
as human life would cease.” 

Shortly after Moor’s first publication, Chace and I failed com- 
pletely to obtain any of Moor’s essential results, in spite of special 
care in all our operations. We were able to show, however, 
that “ureine” is a mixture of substances—in fact, merely urine, 
minus most of its water and urea, and some of the other constitu- 
ents, plus material added to and formed in it during the manipu- 
lations. Employing customary methods of separation and detec- 
tion, purified “ureine” has been found to contain sodium, potas- 
sium, ammonia, phosphate, urea, creatinin, pyrocatechin, phenol- 
alkaloidal substances and purin bases. Other urinary substances 
are present, which we have not attempted to identify. Although 
we avoided excess of mercuric nitrate in the process of decoloriza- 
tion, following Moor’s method precisely, we alwavs found mer- 


1 Moor: ‘“ The Discovery of Ureine, the Principal Organic Constituent of Urine and 
the True Cause of Uraemia.’? Communication presented tothe Thirteenth International 
Medical Congress, Paris, 1900. Published in the Medical Record, 58, 336 (September 1, 
1900). 
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cury in “ureine.” Doubtless a soluble compound of mercury was 
formed in the “purification” process. Nitrate and oxalate, also‘ 
introduced during this so-called purification, were constant con- 
stituents. Shaken repeatedly with excess of ether in a separatory 
funnel, “ureine’ gradually separates into several layers of differ- 
ent color and degrees of transparency, and the ether itself takes 
on a yellowish tinge. Samples that had been allowed to stand 
exposed to the air for several months deposited crystals of urea. 
The amount of ash from four preparations varied from 9 to 24 
per cent. A wax-like mass can be obtained immediately on treat- 
ment of the “ureine” with concentrated nitric acid. When this 
mass is broken up mechanically in an excess of nitric acid and 
examined under the microscope, crystals of urea nitrate are seen 
to cover the field. 

Our general conclusions’ have been that “ureine’’ is a mixture, 
containing several of the organic substances, and a considerable 
proportion of inorganic matter, ordinarily found in normal urine; 
also matter introduced with reagents in the so-called purification 
process. Further, the toxicity of “ureine” is due to some of the 
normal urinary constituents, such as the potassium and _ the 
alkaloidal bodies, and to the radicals introduced in “purifying.” 
Consequently, much as it is to be regretted, “ureine” does not 
furnish a clue to the cause of uraemia nor can any of Dr. Moor’s 
biological deductions regarding “ureine” be accepted. 

Our criticism of Moor’s work and conclusions in this connec- 
tion have been endorsed by several investigators, but none of the 
questions raised by us has ever been answered by Dr. Moor. 
In the meantime, however, “ureine”’ is being exploited in the same 
manner in one journal after another, and impossible chemistry 
and biology receive wide circulation. WILLiaM J. GIEs. 


LABORATORY OF PHYSIOLOGICAL CHEMISTRY 
OF COLUMBIA UNIVERSITY. 
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THE ELEMENTS OF ELECTRO-CHEMISTRY, TREATED EXPERIMENTALLY. 
By Dr. ROBERT LUPKE. Second English edition, translated from the 
fourth German edition. By M. M. PaTrison Muir. 250 pp. Price, 
$2.50. Philadelphia: J. B. Lippincott Company. 


The work is divided into three parts: (1) Recent theories of 


1 Chace and Gies: ‘‘Some Facts Regarding ‘Ureine,”’ Medical Record, §9, 329 (March 2, 
1901); also Gies and collaborators : ‘‘ Biochemical Researches,’’ reprint No. 31 (1903). 
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electrolysis, 79 pages; (2) the theory of solutions of van’t Hoff, 
44 pages; (3) the osmotic theory of the current of galvanic cells, 
119 pages. Under these headings, Dr. Lipke has presented, in 
very readable and easily comprehended ianguage, the present 
status of the subject. The experimental part is easily the best 
part cf the book, the experiments being very well chosen and very 
suitable for bringing out the principal facts of the science. If 
the teacher using the work will confine his pupil's attention to 
the experiments and the facts which they teach, both teacher and 
student will be very much helped by the book. If, however, the 
student wanders into the theoretical part of the book, he will 
learn, along with much which is good, also much which is ques- 
tionable, and he will reed close attention from his teacher to keep 
him from receiving distorted ideas. The weak side of the theo- 
retical part is that it presents many of the generalizations of 
the dissociation theory as if they were without exceptions, and 
ignores many recent proofs of the failure of the theory in 
some special cases. Part of Faraday’s generalizations are credited 
to von Helmholtz, simply because, apparently, the latter ciscussed 
them in a lecture, while Le Blanc is credited with the discovery 
of a law regarding the voltage necessary to decompose a com- 
pound, which is merely a re-statement of Thomsen’s rule, coupled 
with Hess’s law of thermo-neutrality. ‘These, perhaps unconscious, 
appropriations of electrochemical honors for German scientists 
will perhaps make the book more popular in Germany, but de- 
crease its reliability for general use. 

The translator and publishers have done their work very well. 

JosepH W. Ricuarps. 
ARBEITSMETHODEN FUR ORGANISCH-CHEMISCHE LABORATORIEN: EIN 
HANDBUCH FUR CHEMIKER, MEDIZINER UND PHARMAZEUTEN. VON 
PROFESSOR DR. LASSAR-COHN. Dritte, vollstandig umgearbeite und 
vermehrte Auflage. Hainburg und Leipzig: Leopold Voss. 1901-1903. 
xvi-+ 1241 pp. Price, 38 marks. 

The second edition of this work is well known, both in the 
original and in the excellent translation of Alexander Smith. The 
material included in the present edition is more than twice as 
great as that of the second. The work consists, first, of a 
“General Part,” (213 pages) which discusses general operations 
such as extraction with ether, distillation, dialysis, sealed tubes, de- 
colorizing of liquids, filtration, crystallization, solvents, determina- 
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tion of molecular weights, melting-points and boiling-points, sub- 
limation and drying. Methods used in the determination of other 
physical properties, such as specific gravity, viscosity, heat of 
combustion, refractive index, specific rotation and electrical con- 
ductivity are not mertioned. 

The “Special Part’ is devoted to a discussion of the more im- 
portant processes used in the preparation and study of organic 
compounds, and includes the following topics: Formation of acyl 
and benzenyl derivatives, and of oximes and hydrazones; fusion 
with alkalies ; introduction of halogens; replacement of halogens ; 
preparation of salts and alkaloids; preparation of diazo com- 
pounds; esterification of acids and etherification of phenols; con- 
densation ; formation of nitro compounds; separation of isomers ; 
saponification of cyanides and esters. The book concludes with a 
description of the methods for the ultimate analysis of organic 
compounds. 

As the author of the work points out, the literature of this sub- 
ject has grown to such overwhelming proportions that it is often 
extremely difficult to find the method best suited for a particular 
purpose. The general indexes are usually of little service, since 
methods of working are, in general, described as incidental to the 
preparation of some compound, and only the name of the latter 
is to be found in the index. Professor Lassar-Cohn’s book serves 
a most useful purpose in this direction. The various topics are 
illustrated by thousands of examples taken from the literature. 
In the present edition many of these have been taken from the 
patents, and when we consider the rigid commercial requirement 
that a method must, if possible, give a good yield, it is easily seen 
that workers in scient‘fic laboratories may secure very many valu- 
able suggestions from this source. 

The experience of the author would seem to have been almost 
exclusively with aromatic compounds. For this reason the work 
is somewhat deficient in methods which are especially adapted 
to aliphatic bodies. English and American journals seem to have 
been almost completely ignored in the preparation of the book, 
and in a number of places the author’s knowledge is incomplete 
or one-sided for this reason. 

It is very unfortunate that the author has not furnished a 
general index, which should include all of the compounds men- 
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tioned in the book. Even the special indexes, at the close of each 
section, are not so complete as they should be. 

In spite of these faults, the book is a very valuable one, and it 
should be in every laboratory where work in organic chemistry 
is done. W. A. Noyes. 
QUANTITATIVE ANALYSIS, ADAPTED FOR USE IN THE LABORATORIES OF 

COLLEGES AND SCHOOLS. By FRANK CLOWES, D.Sc., AND J. BERTRAND 
BERNARD COLEMAN, A.R.C.Sc. Philadelphia: P. Blakiston’s Son & 
Co. 1903. Sixth edition. 602 pp., 125 cuts. Price, $3.50. 

This is the sixth edition of a work which, in some one or more 
of its previous editions, is to be found in most chemical libraries. 
The main changes are a revision of the section on organic anal- 
ysis and the addition of methods for the determination of alumi- 
num and nickel in steel, the analysis of aluminum alloys and a 
table of four-place logarithms. The Gooch crucible is described for 
the first time, but only in the appendix, and its use is nowhere 
recommended in the text. The work is still distinctively English 
and does not always accord with American ideas, or the best and 
latest practice. This is especially noteworthy in the sections 
on superphosphates, milk, nitrogen and silicates. The methods 
given are clearly described and the cross-references are so full 
and complete that even the routine analyst could scarcely fall into 
errors of procedure. Little attempt is made, however, to view 
quantitative analysis from the scientific standpoint. 

The book covers a much larger field of analysis than would 
seem possible from its size. This is due to the fact that there is 
almost no repetition, and is made possible by the excellent system 
of cross references already mentioned. The opening descriptive 
chapters on chemical manipulation are unusually clear and con- 
cise. These are followed by numerous, simple gravimetric and 
volumetric determinations, to be themselves succeeded by a long 
list of general quantitative analyses covering a wide field. 

The book will be found useful in all laboratories and will be 
serviceable to students under proper guidance. It is well printed 
and has a good index. C. L. Parsons. 
THE SUGAR-CANE IN EGypT. By WALTER TIEMANN, Member of the So- 

ciety of German Sugar Technicists and of the Association des Chimistes 
de Sucreries et Distilleries, Paris. x-+ 74 pp. Price, 5/- net. 

This work, by the director of the experimental station in Upper 
Egypt, treats of the sugar-cane industry only from the agricul- 
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tural standpoint and in such a manner as to excite nothing but 
admiration for the scientific exactness with which the experiments 
in intensive culture were prosecuted. It is shown that modern 
methods must supplant the Arabs’ indifference to the basic rules 
of rational cultivation. 

The author discusses depletion of soil by a defective tenant 
system, best native cane varieties, details of cane selection, plant- 
ing, cultivation and harvest, proper conditions of the seasons and 
prevailing meteorological conditions. The five years of experi- 
mental work were controlled by digestion analyses of the canes, 
systematically tabulated. Alluvial, coal and limestone deposits are 
described and their analyses given. We find excellent, practical 
information regarding native manures, such as stable dung, 
“ruins manures,” zebach balladi, dove guano, bat guano and their 
accumulation, with analyses. The author states a need for im- 
ported artificial fertilizers and green manures, and adds practical 
formulae of tried fertilizer combinations, with cost and returns. 

The instructions for carrying out the system for a manurial 
experiment, as adopted by Dr. Weitz, secretary to the Delegation 
of the United Association of Saltpeter Manufacturers in Berlin, 
embody some most practical suggestions, if accurate deductions 
are to be made. 

Chapters VII and VIII, 27 pages, present the manurial ex- 
periments in detail, comprising acreage, character of cane pro- 
duced, fertilizer applied, crop yield and cane analyses ; 1. ¢., sp. gr., 
Beaumé, Brix, juice per cent., non-sugar, quotient, sucrose, glu- 
cose and weight. 

The material is well arranged, amply illustrated and fully sup- 
plemented by plotted tables. The style is very !ucid and the 
presentation is shorn of unnecessary detail. D.L. DAvott, Jr. 
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Etherification, etc. (A. W. Williamson), Alembic Club Reprint, 548; Physical 
Chemistry for Physicians and Biologists (Dr. E. Cohen), 777; Physico-Chemi- 
cal Tables for the Use of Ar-lysts, Physicists, etc. (J. Castell-Evans), 657; 
Physics—Text-Book for Secondary Schools (F. Slate), 106; Principles of Dye- 
ing (G. S. Fraps), 544; Principles of Inorganic Chemistry (H. C. Jones), 538; 
Qualitative Analysis, etc. (Dennis and Whittelsey), 112; Quantitative Anal- 
ysis—Adapted for Use in the Laboratories of Schools and Colleges (F. Clowes 
and J. B. B. Coleman), 1299; Quantitative Chemical Analysis by Electrolysis 
(Prof. A. Classen), 776; Quantitative Classification of Igneous Rocks (Whit- 
man Cross, et al.), 319; Radium and Other Radio-active Substances, etc. (W. 
J. Hammer), 1099; Recipes for the Color, Paint, Varnish, etc., Trades, 219; 
Reflexions sur la Puissance motrice du Feu, et sur les Machines propres a 
devellopper cette Puissance (Sadi Carnot), 784; Sealing-Waxes, Wafers, and 
Other Adhesives (H. C. Standage), 545; Siderology: The Constitution of 
Iron Alloys and Slags (H. F. von Jiiptner), 655; Simple Methods for Testing 
Painters’ Materials (A. C. Wright), 1221; Technical Mycology: The Utiliza- 
tion of Micro-organisms in the Arts and Manufactures, (F. Lafar), 783; 
Tests and Reagents, Chemical and Microscopical, etc. (A. I. Cohn), 653; 
Text-Book of Electrochemistry (©. Arrhenius), 104; The American Year-Book 
of Medicine and Surgery, Vo!. I., General Medicine (pub. W. B. Saunders 
& Co.), 784; The Analysis of Oils and Allied Substances (A. C. Wright), 
649; The Analysis of Steel Works Material (Brearley and Ibbotson), 109; 
The Chemical Technology of Textile Fibres (Georg von Georgievics), 543; 
The Chemistry of Pigments (E. J. Parry and J. H. Coste), 877; The 
Dyeing of Woolen Fabrics (Franklin Beech), 544; The Electro-Plating and 
Electro-Refining of Metals (Watt and Philip), 102; The Elements of Electro- 
Chemistry, Treated Experimentally (Robt. Lupke, trans. M. M. P. Muir), 
2d English edition from 4th German, 1297; The Elements of Physics 
(Nichols and Franklin), 113; The Praxis of Urinary Analysis, (trans. Dr. H. 
W. ¥. Lorenz), 880; The Principles of Animal Nutrition with Special Refer- 
ence to the Nutrition of Farm Animals (1. P. Awmsby), 782; The 
Principles of Leather Manufacture (H. R. Procter), 878; The Sugar- 
Cane in Egypt (Walter Tiemann), 1300; The Teaching of Chemistry and 
Physics in the Secondary School (Smith and Hall), 447; The Testing of 
Chemical Reagents for Purity (C. Krauch), 3d edition trans., 652; The 
Utilization of Waste Products (Theodore Koller), 546; The Utilization of 
Wood Waste (Ernst Hubbard), 547; Thonindustrie-Kalender, 1903, 448; 
Traité de Chimie Physique—Les Principes (Jean Perrin), 779; Vorlesungen 
ueber Theoretische und Physikalische Chemie (J. H. van’t Hoff) 

Nickel, electrolytic precipitation, 899, 1039; Separation from copper, 905; 
Separation of bismuth from 

Nixaipo, Y. Coloring-matter in yellowish gray sugar 

Nitrates, reduction of nitric acid in 

Nitric acid, electrolytic reduction te ammonia 
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Nitrocellulose powders, new stability test............ccccecccecccccceccceccsces 549 
Nitrogen, in protein bodies, 323; Kjeldahl method, burette, etc., for............ 535 
DEPORTE) BIRGNCIOURES «5:50.00 stu cctrdicdivi ae doiteeiealewsioeidadasieeweekay savas 60 
DESEO C A MIRIDIE BOUIG &. oi5 3 05¢.6:0:% 3.0 e cmE Kee ee O TESS KES RNR Wea CREME RRR RAE CS 767 
ee ee ee a en Cre Serr Ee Pe rem ee 767 
MOTE BEID 6 6.5.0. 5.6:55s:0 0 pitans.6 4s 0¥an 5a cae Ona aa eancaeeeaeathauaeke - 767 
3-Nitrophthalyl chloride, action with ammonia and amines...........2.eeeeeeeee 601 
Noyrs, A. A. The equivalent conductivity of the hydrogen ion, etc., II........ 165 
gad 1 Ce Eee OT ER I ee ET ON ET EE 1237 


Oil, linseed, composition of break from, 716; Linseed, oxidation of, 826; 
Maize, occurrence of cholesterol in, 251; Maize, sitosterol a test for, 254; 
Olive, occurrence of cholesterol in, 498; Olive, 954; Olive, substitutes for, 
954; Olive, viscosity test, 968; Rice, contribution to chemistry of, 948; See 
Petroleum. 


©il analysis, viscosity of the Ghap eGhtiOn 6 66.6 oo Eo he Si heviced Siete ds eeeene 977 
Oils, constants of various, 960; Fatty, influence of atmospheric oxidation on, 

933: Zodine absorptions of. sc o.Gd es aes hone nee navesusedinaneeweeeen 244 
Olive oil, pure California, table, 956, 957; pure Italian, table, 958; Substitutes for, 

Meat Viageety tesbs oo. ve dsec cass gckess RG be ese eee nv ewsedd aeewenetanewe 968 
O'Nasz,, Homonn. Petroleum in Calilortiss «.<icccscccccwcsceccstdccscceeses 699 


O’Ne, J. G. See L. M. Dennis. 
OsBorNE, Tuomas B. The specific rotation of the nucleic acid of the wheat 
carbohydrate group in the protein molecule, 474; The globulin of the Eng- 
lish walnut, the American black walnut and the butternut, 848; Tne precipita- 
tion limits with ammonium sulphate of some vegetable proteins, 837; The 
specific rotation of some vegetable proteins, 842; The tryptophane reaction of 
VATIOUE: DICUOING «6c 5c Ce va wands sadaaed eee Cotta) ve Cede ddadmin 853 
CUO, DUCORERNION (OR o:6:e:6 a: ccch bed ee ebic cee Werden stameKwhianametaa --- 876 


SEP ARIS green, determination of arsenious acid in, 1096; determination of total 


GREASE ONTOS oa oo. da 45:5 a4 0 0:45 SSR KO COW ge Re KO MOR NOSES AAA T ES Ea a aE re 963 
Parsons, CuartEs L. The distribution of hydrogen sulphide to laboratory 
nT te rrr en fr ere re or 231 


Patten, Harrison E. A study of magaesium and manganous hydroxides, etc... 186 
Pennock, J. D., and D. A. Morton. A rapid method for sulphur in coal and coke 1265 


Pepsin, commercial effect on cheese ripening.............ccccccccecccccecccecs 1247 
Peta e: ton. fOr: COT RONGEOR . 6.5. 5:5. x9 cae eOi lbans kdas be CKwe.caceneeddbeeeeaties 537 
Perer, AtrreD M. A chemical method for determining the quality of limestones, 143 
Petroleum, in California, 699; Louisiana, hydrocarbons in...............0..+5 1153 
WOMAGOIES “TAOUNOE 6 6 605-0 6x00 AP Re CR eOKREEE CU CEN ROe ee eL Ree eH eae eeanaeaned 743 
Perrit, J. H. Improved method for separation, etc., of total alkalies in soils.... 496 
WRINIIN 05. 5,0 soo: cuca hot & Kae ERG RAO Re ieale COwd Cu Mane peleeKe neem occ Ga Sez 
PMCRTUAINIGIER. SUDREMER «5 65 o.66.6'5.6 ck aid ase eESOSRECNS Cee e Vemeeouwmee - 739% 
a) CA: (ll eS eee narra Te rer erent eye rer Peer re reer eet 721 
Phosphate rock, experiments Withiss.. oeicsicc ccc dein daewes esc tcsdsvine ces deadecees - 822 
Phosphates, colorimetric estimation of, in presence of silica, 1056; Process for 
SAME. MUR OINOS 3 5-0.5.5: 55-0 0214 Rs bige hE es ae WAS le eee AUS Oa aon Ae 818 


Phosphoric acid, determination in soils, 491; Determination of small quantities.. 169 
Phosphorus, determination of, in bronzes, 634; New complex acids of, 298; 


Monica’ Getecwumatian 300 SUGERs oo ssis sy cc ccncewsvenes end mHccenoneceaeaeueens 772 
Phthalyl] chloride, action of anilin€ Of <6. 6.6 cccccccdiccsicwcdccscceocccceues << 
Picket, J. M., and C. B. Williams. An efficient asbestos or graphite muffle...... 1277 
Pineanwles.  CONIDORIION: Of 5. 66.0550605, cos centage tn cde ae ts Shee ew wade mead emma 272 
Wissticty Gf Clays, Cathe: Ole 0662s 5 kee ccc ncwdngecencescudswadeuns. icmaeresign 451 
Platinum, COMDUMNON. GL. CASUDE. lis. sieensiskscb06 eee eee eae Re AETe eae we ee De 997 
Platinum crucible for carbon combustions. ........cccscccccccccsccccescscccoce 237 


Ponp, F. J., and C. R. Siegfried. Derivatives of isosafrol and isoapiol.......... 
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Portland cement, critical review of analyses of materials, 1180; Influence on 
fineness of grinding on clinkering 1103 

Potash, determination in fertilizers, 416; Determinations in soil, 491; Fixation 
by Hawaiian soils......... Ne er re eee ee eC OCT ae > 3 

Potassium, colorimetric determination of, 990; Determination of small amounts, 
1063; New double oxalate with bismuth... es 728 

Potassium bismuthico-tungstate 

Potassium cyanide, method for formaldehyde 

Potassium iodate, titrations with 

Potassium ruthenium nitrosochloride 

Potassium zine cyanide 

Potato tubers 

Praseodymium, behavicr toward organic bases 

Pratt, Girpert H. See F. B. Forbes. 

Precipitation by weak organic bases 

PRETZFELD, CHARLES J. The gravimetric determination of mercury, etc 

Protein molecule, carbohydrate group in 

Proteins, nitrogen in, 323; Tryptophane reaction, 853; Vegetable, precipitation 
limits with ammonium sulphate, 837; Vegetable, specific rotation 

Protopine in Adlumia cirrhosa 

Prussic acid. See Hydrocyanic acid 

Pseudothiohydantoins, molecular rearrangement 

Pseudothioureas, described as normal ureas 


QQUINAZOLINES, synthesis of 


ERAD!1UM, atomic weight 

Raffinose determinations 

Reducibility of some metallic oxides by hydrogen and carbon monoxide 

Remsen, Ira. The life history of a doctrine 

Rennet enzyme, effect on proteids of milk and cheese 

Resin, fossil, chemical constants of 

Respiration caiorimeter 

Retort, an electric test 

Rice oil, contribution to chemistry of . 

Ricuarps THEopoRE W. Note concerning the calculation of thermochemical 
results, 209; The freezing-point of dilute solutions 

RriepErER, Herman S. ‘The volumetric determination of bismuth as molybdate and 
its separation from copper 

Roserts, CHarioTre F. and L. Brown. The action of metallic magnesium upon 
aqueous solutions 

Rock powders, cause of cementing value 

Rocrrs, ALLEN. Derivatives of new complex inorganic acids 

Rocers, ALLEN and E. F. Smith. Derivatives of complex inorganic acids, III, 
1223; IV, 1227. 

Roire, GeorceE W. and H. W. Geromanos. Notes on the hydrolysis of starch by 


Roire, Grorce W. and I. T. Haddock. ‘The presence of maltose in acid-hydro- 
lyzed starch products 
Ruthenium, double salt with potassium 


ALICYLIC acid, occurrence in fruits 

Salt, common, effect on action of rennet enzyme 

ScHLOTTERBECK, J. O., and H. C. Watkins. The alkaloids of Adlumia cirrhosa, 
(2nd _ paper) 

Scnour, G. P. The electrolytic determination of manganese and its separation 
from iron and zinc 

Scure1zEr, F. New apparatus for the examination of choke-damp, etc 
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ScHREINER, OswaLp. On a colorimetric method for the estimation of phosphates 


in the presence of silica........... MeO-RORCISORRE TS RE lee KHeeeTeRbeaRenwnee” 1056 
ScuppEr, Hrywarp. Liquid baths for melting-point determinations, 161; The 

prewehiads: OF WONBINE « « 5 o6ia0. ccc cdiien ides C18 de ARR E OME URE SRO aD 163 
Seeker, ALBERT F. See Irving W. Fay. 
Srlentes.» SOE WOME 6 oso aig nero Ranztaectite iach trae Reeenceeel 225 
See METRO e6 :056:55 55:62 KOs ee HR UR ETRE RU eNee See Ree Re eee 8 ee oemwals 749 
SHarwoop, W. J. A study of the soluble cyanides of zinc with potassium and 

WEE, WONG ora card v5. c:4c een ea we EY ha eS ee a Sle WRG ROL ARNE ES 570 


SHENK, Francis D. See F. L. Dunlap. 
SuermMan, H. C. On the composition of cows’ milk, 132; On the influence 
of diet, muscular exertion, and loss of sleep upon the formation of uric 


SOU WOR s 6. o.ccccctor cnc cecdatadcnsvedndeanne se tacuaees peunhecmmaed 1159 
SuerMan, H. C. and H. Abraham. The viscosity of the soap solution as a factor 
$C BHMINE oad 0 ink cance awe eeccvonguecucoewaaeue stthackd samno Ramee . 977 


Siecrriep, C. R. See F. J. Pond. 

Silica, determination of small quantities, 169; Estimation of phosphates in 
DUPAGE CE ooo: 6 cc cib een cars ean Gmnnns awe en Lea meee errr Tre seee 1056 

Silver, as a reducing agent, 637; Compounds with ammonium, 69; Rapid dew 
trolytic precipitation, 900; Separation from selenium, 892; Separation from 


CMMI 55, os eras bo etd SERRE CURT T ROO WDE ME Dawah LURE Ere eae 893 
Silver ammotines, alumimicd- Umea  o.<:..6:60.0.60 ces cc.ctiecccaseasecsveccncene 1231 
ORS OCT AD. “PINON CN ain sra 6 ics irs HOO REN KRIS Kee DAME AwL Ens ORRae nee 642 
Sitoaterel, @ pommele: teak. £06 CAMIRE OWN c < 6c ccsdiccne Koc cnedecnnadendeee eacctiegas 254 
Susse, Dewar B.. Peussic, acid 10 SOCMiis oon ccc dcccne sansneccccencscesions 55 
SmitH, Bernarp H. The estimation of formaldehyde in milk................ +. 1036 


Smitu, Epcar F. See Allen Rogers; See Clarence W. Balke. 
Smitu, L. H. See C. G. Hopkins. 
SmitH, Warren R., and Frank B. Wade. The analytical constants and composi- 
UO: GE WITT WE io scien cnccccacecannycasnasteerseceneuiss in amaanati ree 
Sneui, J. F. See Stanley Benedict; See W. O. hain. 
Soap, cleansing power, 511; Emulsifying action of, 1215; Grading as to detergent 


BOWER 6.0 n.5 Kite. d cdkidnenwdiec HRde Re saeWRREts ane caine eeed eabaekn cee coe 2096 
Soap solutions, a ole. of, 524; Viscosity of, in ou analysis...........2eesee00. 977 
Sodium carbonate, precipitation of calcium and magnesium by............+-++ a 56 
SGU DRURMIEEE, MOREE. ORB. 6 6 oe icc Cncbasend 154s Seat Keweent pee mesnanes ion: ee 
SMTA SAIN UNNI 6:6, 5s. 0cu a screed pa Dee eeaWed daa eudseenercereudeeaete 570 


Soils, Cuban, 5; Determination of potash, 491; Determination of total alkalies, 
496; Determination of total phosphoric acid, 491; Hawaiian, fixation of 
ammonia and potash by, 47; Influence of moisture on composition of plant 


WOTER  coadsen pecans eege ds iva 6k Ue ePEeneee ab ASAT Shes Cece eer ecsceuseanee 1234 
pees OF leek NANGMR. 6.055 iccccocncsarscoemieusebeecasuescuceeeneneame 469 
Solutions, action of metallic magnesium on aqueous, 380; Freezing-points of 

dilute, 291; Study of. ........06 0.00 POPE OL Hee Pe PCE TOT CL ree - 186 
BORMNMIN. DONESIC GEIR Whe cc hs s.ccic scot eeueebee cater ce ct hcsronns es coammoaretig 55 
Specific gravity of urine, relation to solids present.................02eeeeeeeee 257 
Specific rotation of some vegetable proteins..............c ec ee cece eee eeeeeeee 842 
Starch, hydrolysis of, by acids, 1003; Maltose in products of hydrolyzed........ 1015 


Steel, color test in high-carbon, 999; Determination of molybdenum in, 215; 
Rapid determination of phosphorus in, 772; See also Iron and steel. 


Stguman, Joun V. R. A platinum crucible for carbon combustions............ 237 
Srructivz, Jourrvs:. The theories of M@icatoen. «<2 0.66665 ceccicccccscuscvsccses 1112 
Rlite, Oth SHADUORON TORTIE 5.6.5.5 655-6 5:24'00 psa EReR eRe ta ewan tel eaantianrnees 814 
Stinuman, J. M., and A. J. Cox. On certain factors influencing the precipita- 

tion of calcium and magnesium by sodium carbonate.............2+eeeeeeeee 732 
Strontium: bismuthico-tungstate................ee eee eee Wedel eens ecwemencne ee 1233 
murciny) clilavide, action: Of S01GHe C0 .n:cccccctas ences guccsaerescataenesons 621 
Sugar: coloring-matter in, 857; Reducing, disappearance in sugar-cane....:..... 855 


Sugar analysis, International Commission for uniform methods.............++. 
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Sugar-beet, relation of soil moisture to composition 

Sugar-cane, disappearance of reducing sugar in 

p-Sulphocinnamic acid, derivatives of 

Sulphur, determination in coal and coke 

Sulphuric acid, action of fuming, on isoamyl chloride 

Sunpstrom, Cart. A rapid method for determining sulphur in coal and coke.... 
Sy, Atsert P. A new stability test for nitrocellulose powders 

Syrup, determination of glucose in 


fF" ABLE for calculation of chemical weights 
Taccart, Water T. The electrolytic precipitation of nickel from phosphate 

solutions 
Taytor, Francis O. Note on Perkin’s test for bicarbonates 537 
Tellurium, atomic weight, 226; Double halides with alkaloids 730 
Tetrahedrite, analysis of ARS eT PET y 208 
Thermochemical results, calculation of ‘ 209 
Thiocyanates, normal hepty] 289 
Thomas test, for explosives 553 
Tuompson, GustavE W. Composition of the “break” from linseed aa. pecins: ue 
Thorium, and phenylhydrazine, 428; Behavior toward organic bases, ake ‘dame 

tion from beryllium cosw laa 
Tin, effect of carbon in iron on test for, 876; Rapid electrolytic precipitation.... 904 
Titanium, separations of 425, 430, 1076 ff 
Titrations with potassium iodate.........cccsesccescccsccccccssccescecso scsese Se 
Titus, Win1FRED. See V. Lenher. 
Tocu, MaxiImILian. The permanent protection of iron and steel.... 
Totman, L. M. See L. S. Munson. 
Totman, L. M., and L. S. Munson. Iodine absorption of oils and fats 
TRAPHAGEN, F. W., and Edmund Burke. Occurrence of salicylic acid in fruits... 
Triphenylmethyl, existence of bodies analogous to 
Triphenylmethyl acetate 
Tryptophane reaction 
Turts, CHarLes G. See Augustus H. Gill. 
Tungsten, new complex acids of 


TWNDISSOCIATED salt, lecture experiment 

Uranium, atomic weight, 229; Separation of bismuth from 
Ureas, normal, a class of pseudothioureas described as. 
Ureine 

Uric acid, influence of diet, etc., on formation in man 
Urine, relation of specific gravity to solids present 


“7 ANADIUM, new complex acids of 

Van Styxe, L. L., H. A. Harding and E. B. Hart. Rennet enzyme as a 
cause of chemical changes in the proteids of milk and cheese 

Veitcn, F. P. On the colorimetric determination of phosphoric acid, etc..... = 


Vieille test, for explosives 

Vinegar, effect of fermentation on composition 

Viscosity, modification of Babcock-Blasdale test, 968; Of soap solution as a 
factor in oil analysis . 


WAZ ALBRIDGE, W. K. See article by Treat B. Johnson 
Walker method for determination of carbon dioxide 
Watters, Harry E. The volumetric determination of manganese in iron and 
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Water analysis, determination of carbonic acid, 742; Determination of phos- 
GON MCA WGA CBS o's 6 sie. kne were hi wesc hateoneadadneduesswion pondeaideen 

Water-blast, a cheap and efficient 

Wheat kernels 

WHEELER, ALvIn S. Note on the bromination of heptane 

WueeEcer, Henry L., and G. S. Jamieson. On a class of pseudothioureas de- 
scibed as normal ureas, 719; On some aldehyde condensation products, etc... 

WHEELER, Henry L., T. B. Johnson and D. F. McFarland. On the molecular re- 
arrangement of unsymmetrical acylamidines into isomeric symmetrical deriv- 


Wuitney, W. 

Wuirtney, W. R., and A. C. Melcher. An investigation of ammonia-silver com- 
pounds, etc 

Wivtsoz, Joun A. The influence of soil moisture upon the chemical composi- 
tion of certain plant parts 

WikcHMANN, F. G. Fourth session of the totensatbenal Commission for uniform 
methods of sugar analysis 

Witey, H. W. Disappearance of reducing sugar in sugar-cane 

Will test, for explosives 

Witu1ams, C. B. Methods for the determination of total phosphoric acid, etc., 
491; See J. M. Pickel. 

Wood, method of testing fire-proofed 

Woopman, A. G. The determination of atmospheric carbon dioxide, etc 

Worstatt, R. A. Some chemical constants of fossil resins, 860; The action of 
fuming sulphuric acid upon isoamyl chloride. 


SS_ANTHINE derivatives and fatigue 


“YW TTERBIUM, atomic weight 


Zinc, double cyanides with potassium and with sodium, 570; Rapid electrolytic 
precipitation, 899; Reduction of molybdenum by, 919; Separation of bis- 
muth from, 93; Separation of copper from, 907; Separation of manganese 
from 

Zine cyanide, action of alkalies on 

Zine oxide, action of alkali cyanides on 

Zirconium, behavior toward organic bases, 1128; Separation from beryllium, 
432; Separation from iron 








Additions to the Index for 1903. 


(By mistake the following titles were omitted from the Index for the Journal for 1903.) 


ABBOTT, A. C., and N. Gildersleeve. A study of the proteolytic enzymes and of 
the so-called hemolysins of some of the common saprophytic bacteria 
Adams, Frank D. The Monteregian Hills—a Canadian petrographical province... 
Adams, George I. Zinc and lead deposits of Northern Arkansas............ enaenes R 
Allan, F. B., and J.S. DeLury. A new double oxalate of bismuth and potassium.... 
Allan, F. B., and T. A. Phillips. A new double oxalate of bismuth and ammonium.. 
Allen, S. J. See E. Rutherford. 
Alwood, W. B. A study of cider-making in France, Germany, and England, etc. -.R 
Archbold, George. Cassava as a competitor of maize in the production of starch and 
allied products 
Auchy, George. The color test in high carbon steels.........sssececeeeeeseeeeecsee +++ 999 
Avery, S. Note onthe Avery-Beans method for the determination of arsenious acid 
in PATIS FIEEMN......cceccsccrvevcccccocsccccecs ee ceccvccccce eee erccccccccoccee ++ 1096 


326 


EBBANCROFT, W.D. Constant voltage and constant current separations ....... +R 382 
Bartow, Edward, and Elmer V. McCollum, Some Kansas petroleum........... onen 
Benedict, Stanley and J. F. Snell. A method for the detection of chlorides, bromides 
ANA iodides ....0. sccccccccccccccces aeeesee cveeee Seeceveccecsiase Jadsdsdduencuenenne 
Bogert, Marston T., and L. Boroschek. Note on the mononitro-o-phthalic acids 
Boroschek, L. See Marston T. Bogert. 
Brooks, R.O. Reporton the examination of foods, drugs, and public water sup- 
Plies. cccccsscccccccece soeceee © ecccsee ee 


CAMPBELL, H.D., and J. L. Howe. A new (?) meteoric iron from Augusta County, 
Virginia........ ecccccccccccccccccocese J pteeremadececutews test .0e. 0; sanduawabaen 

Carnegie, Andrew. Organization and management......-.+eseseceeceseeeee sence ‘ 

Chase, Richard F. The influence of certain alcoholic liquors and tea and coffee, 
upon digestion in the stomach .....+...+ee.se. Ss acdeccecsercaescesise ésedéereceds 

Clarke, F. W. A pseudo-serpentine from Stevens County, Washington........ .... R 298 

Clowes, G. H. A. The relationship between the freezing-point depression and specific 
gravity of wine, etc 

Cooper, J. B. Treatment of Lake copper 

Couturier, F. See L. Vignon. 

Cox, Irving J. See William A. Noyes. 

Croftan, Alfred C. Synopsis of experiments on the transformation of circulating 
uric acid in the organism of man and animals.....+....++ssseeeeee even 


DAVIS, W. W. Blast-furnace conditions affecting the chemical composition of 


foundry iron...... 
DeLury, J.S. See F. B. Allan. 
Diller, J.S. Description of Port Orford triangle, R 297; Klamath Mountain section, 


California..... Cd ccccceseseeSesEsereeesseededese Vheseedencese: evecceoneeees éowewe R 301 


Doolittle, C.H. The matting of ores at ‘Leadville and Robinson, Calorie ccceecee --R 388 


EASTON, WM. H. The reduction of nitric acid in metallic nitrates to ammonia by 


the electric current........-sseseee 
Exner, Franz F. The rapid precipitation of metals in the electrolytic way 


F ALK. M. J. See H.C. Sherman. 
Farrington, E.H. The composition of frozen milk 
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Ferrell, Joseph L. Apparatus for, and methods of, treating wood to protect it from 
fire and preserve it from decay.....-..sseseeeeseees ReMi CbS Seeds SRS Casee wiensiee R 
Field, H. E. Specifications for foundry pig iron...........+++e0+ Peles o's vciveeaimalginiac sin R 


GARNER, W.W. See A. M. Garner; See A. Michael. 

Gildersleeve, N. See A.C. Abbot. 

Goss, A. Ash analyses of some New Mexico plants ........... aanes 

Graut, Ulysses S. Preliminary report on the lead and zinc deposits of Sidnmanties 
WISCONSIN 0 oc cccscccscvvccvcccccessocccccscoecs Pcccccicccccccecceccccecee os sececes R 


HALL, J.L. Effect of superheated steam upon the tensile strength of alloys 

Hayes, C. W., and William Kennedy. Oil fields of the Texas-Louisiana Gulf coastal 
PLAIN cc cccccccscces bide eceebenie, 01604540000566000 6006000. v0cecsivice pee eeabadn,. akmosee R 

Henry, Carl D. The white country granite of West Sugarloaf or Bald Mountain, 
Boulder County, Colorado 
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